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rrORS OF GLYCOGEN SYNTHASE KINASE 3 



Field of the Invention 

5 This invention relates to new pyrimidine and pyridine derivatives that inhibit the 

activity of glycogen synthase kinase 3 (GSK3) and to pharmaceutical compositions 
containing die compounds and to the use of the compounds and compositions, alone or in 
combination with other pharmaceutical^ active agents. The compounds and compositions 
provided by the present invention have utility in the treatment of disorders mediated by 
10 GSK3 activity, such as diabetes, Alzheimer's disease and .other neurodegenerative 
disorders, obesity, atherosclerotic cardiovascular disease, essential hypertension, polycystic 
ovary syndrome, syndrome X, ischemia, especially cerebral ischemia, traumatic brain 
injury, bipolar disorder, immunodeficiency and cancer. 

Background of the Invention 

IS Glycogen synthase kinase 3 (GSK3) is a serine/threonine kinase for which two 

isoforms, a and p, have been identified Woodgett, Trends Biochem. ScL 9 16:177-81 
(1991). Both GSK3 isoforms are constitutivdy active in resting cells. GSK3 was 
originally identified as a kinase that inhibits glycogen synthase by direct phosphorylation. 
Upon insulin activation, GSK3 is inactivated, thereby allowing the activation of glycogen 

20 synthase and possibly other insulin-dependent events, such glucose transport 
Subsequently, it has been shown that GSK3 activity is also inactivated by other growth 
factors that, like insulin, signal through receptor tyrosine kinases (RTKs). Examples of 
such signaling molecules include IGF-1 and EGF. Saito et aL, Biochem. J., 303:27-31 
(1994); Welsh et aL, Biochem. /. 294:625-29 (1993); and Cross et aL, Biochem. 303:21- 

25 26(1994). 
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Agents that inhibit GSK3 activity are useful in the treatment of disorders that are 
mediated by GSK3 activity. In addition, inhibition of GSK3 mimics die activation of 
growth factor signaling pathways and consequently GSK3 inhibitors are useful in the 
treatment of diseases in which such pathways are insufficiently active. Examples of 
5 diseases that can be treated with GSK3 inhibitors are described below. 

Diabetes. 

Diabetes mellitus is a serious metabolic disease that is defined by the presence of 
chronically elevated levels of blood glucose (hyperglycemia). This state of hyperglycemia 
is the result of a relative or absolute lack of activity of die peptide hormone, insulin. 

10 Insulin is produced and secreted by the 8 cells of the pancreas. Insulin is reported to 
promote glucose utilization, protein synthesis, and the formation and storage of 
carbohydrate energy as glycogen. Glucose is stored in the body as glycogen, a form of 
polymerized glucose, which may be converted bade into glucose to meet metabolism 
requirements. Under normal conditions, insulin is secreted at both a basal rate and at 

IS enhanced rates following glucose stimulation, all to maintain metabolic homeostasis by the 
conversion of glucose into glycogen. 

The tarn diabetes mellitus encompasses several different hyperglycemic states. 
These states include Type 1 (insulin-dependent diabetes, mellitus or EDDM) and Type 2 
(non-insulin dependent diabetes mellitus or NIDDM) diabetes. The hyperglycemia present 

20 in individuals with Type 1 diabetes is associated with deficient, reduced, or nonexistent 
levels of insulin that are insufficient to maintain blood glucose levels within the 
. physiological range. Conventionally, Type 1 diabetes is treated by administration of 
replacement doses of insulin, generally by a parental route. Since GSK3 inhibition 
stimulates insulin-dependent processes, it is consequently useful in die treatment of type 1 

25 diabetes. 

Type 2 diabetes is an increasingly prevalent disease of aging. It is initially 
characterized by decreased sensitivity to insulin and a compensatory elevation in 
circulating insulin concentrations, the latter of which is required to maintain normal blood 
glucose levels. Increased insulin levels are caused by increased secretion from the 

30 pancreatic beta cells, and the resulting hyperinsulinemia is associated with cardiovascular 
complications of diabetes. As insulin resistance worsens, die demand on the pancreatic 
beta cells steadily increases until the pancreas can no longer provide adequate levels of 
insulin, resulting in elevated levels of glucose in the blood Ultimately, overt 
hyperglycemia and hyperiipidemia occur, leading to the devastating long-term 

35 complications associated with diabetes, including cardiovascular disease, renal failure and 
blindness. The exact mechanism(s) causing type 2 diabetes are unknown, but result in 
impaired glucose transport into skeletal muscle and increased hepatic ghipose production, 
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in addition to inadequate insulin response. Dietary modifications are often ineffective, 
• therefore the majority of patients ultimately require pharmaceutical intervention in an 
effort to prevent and/or slow die progression of the complications of the disease. Many 
patients can be treated with one or more of die many oral anti-diabetic agents available, 
5 including sulfonylureas, to increase insulin secretion. Examples of sulfonylurea drugs 
include metformin for suppression of hepatic glucose production, and troglitazone, an 
insulin-sensitizing medication. Despite the utility of these agents, 30-40% of diabetics are 
not adequately controlled using these medications and require subcutaneous insulin 
injections. Additionally, each of these therapies has associated side effects. For example, 
10 sulfonylureas can cause hypoglycemia and troglitazone can cause severe hepatoxicity. 
Presently, there is a need for new and improved drugs for the treatment of prediabetic and 
diabetic patients. 

As described above, GSK3 inhibition stimulates insulin-dependent processes and is 
consequently use&l in the treatment of type 2 diabetes. Recent data obtained using lithium 

IS salts provides evidence for this notion. The lithium ion has recently been reported to 
inhibit GSK3 activity. Klein dtal^PNAJS 93:8455-9.(1996). Since 1924, Hthium has been 
reported to have antidiabetic effects including the ability to reduce plasma glucose levels, 
increase glycogen uptake, potentiate insulin, up-regulate glucose synthase activity and to 
stimulate glycogen synthesis in skin, muscle and fat cells. However, lithium has not been 

20 widely accepted for use in foe inhibition of GSK3 activity, possibly because of its 
documented effects on molecular targets other than GSK3. The purine analog 5- 
iodotuberridin, also a GSK3 inhibitor, likewise stimulates glycogen synthesis and 
antagonizes inactivation of glycogen synthase by glucagon and vasopressin in rat liver 
cells. Fluckiger-Isler et al., Biochem J 292:85-91 (1993); and Massillon et al., Biochem J 

25 299:123-8 (1994). However, this compound has also been shown to inhibit other 
serine/threonine and tyrosine kinases. Massillon et al., Biochem J 299: 123-8 (1994). 

One of foe main goals in foe management of patients with diabetes mellitus is to 
achieve blood glucose levels as close to normal as possible. In general, obtaining normal 
postprandial blood glucose levels is more difficult than normalizing lasting hyperglycemia. 

30 In addition, some epidemiological studies suggest that postprandial hyperglycemia (PPHG) 
or hyperinsulinemia are independent risk factors for the development of macrovascular 
complications of diabetes mdlitus. Recently, several drugs with differing 
pharmacodynamic profiles have been developed which target PPHG. These include insulin 
Uspro, amylin analogues, alpha-ghicosidase inhibitors and meglitinide analogues. Insulin 

35 Uspro has a more rapid onset of action and shorter duration of efficacy compared with 
regular human insulin. In clinical trials, the use of insulin lispro has been associated with 
improved control of PPHG and a reduced incidence of hypoglycemic episodes. 
RepagHnide, a meglitinide analogue, is a short-acting insutinotropic agent which, when 
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given before meals, stimulates endogenous insulin secretions and lowers postprandial 
hyperglycemic excursions. Both insulin lispro and repaglinide ate associated with 
postprandial hyperinsulinaemia. In contrast, amylin analogues reduce PPHG by slowing 
gastric emptying and delivery of nutrients to the absorbing surface of the gut Alpha- 
S glucosidase inhibitors such as acarbose, nrightol and voglibose also reduce PPHG 
• primarily by interfering with die carbohydrate-digesting enzymes and delaying glucose 
absorption. YamasaM et aL, Tohoku J Exp Med 1997 Nov,183(3):173-83. The GSK 
inhibitors of the present invention are also useful, alone or in combination with die agents 
set forth above, in the treatment of postprandial hyperglycemia as well as in the treatment 
10 of fasting hyperglycemia. 

. Alzheimer's Disease. 

GSK3 is also involved in biological pathways relating to Alzheimer's disease (AD). 
The characteristic pathological features of AD are extracellular plaques of an abnormally 
processed form of the amyloid precursor protein (AFP), so called B-amyloid peptide (fl- 

15 AP) and the development of intracellular neurofibrillary tangles containing paired helical 
filaments (PHF) that consist largely of hyperphosphoryiated tau protein. GSK3 is one of a 
number of kinases that have been found to phosphorylate tau protein in vitro on the 
abnormal sites characteristic of PHF tau, and is the only kinase also demonstrated to do this 
in living cells and in animals. Lovestone et aL, Current Biology 4:1077-86 (1994); and 

20 Brownlees et aL, Neuroreport 8: 3251-3255 (1997). Furthermore, the GSK3 kinase 
inhibitor, liQ > blocks tau hyperphosphorylation in cells. Stambolic et aL, Current Biology 
6:1664-8 (1996). Thus GSK3 activity may contribute to the generation of neurofibrillary 
tangles and consequently to disease progression. Recently it has been shown that GSK38 
associates with another key protein in AD pathogenesis, presenillin 1 (PS1). Takashima 

25 et, PNAS 55:9637-9641 (1998). Mutations in the PS1 gene lead to increased production of 
B-AP, but the authors also demonstrate that the mutant PS1 proteins bind more tigbtiy to 
GSK3B and potentiate the phosphorylation of tau, which is bound to the same region of 
PS1. 

Interestingly it has also been shown that another GSK3 substrate, B-catenin, binds 
30 to PS1. Zhong et aL, Nature 395:698-702 (1998). Cytosolic B-catenin is targeted for 
degradation upon phosphorylation by GSK3 and reduced B-catenin activity is associated 
with increased sensitivity of neuronal cells to B-AP induced neuronal apoptosis. 
Consequently, increased association of GSK3B with mutant PS1 may account for die 
reduced levels of B-catenin that have been observed in die brains of PS 1 -mutant AD 
35 patients and to die disease related increase in neuronal cell-death. Consistent with these 
observations, it has been shown that injection of GSK3 antisense but not sense, blocks the 
pathological effects of B-AP on neurons in vitro, resulting in a 24 hr delay in the onset of 



• 



WO 02/20495 -5- PCT/US01/42081 

cell death. Takashima et al., PNAS 90:7789-93. (1993). In these latter studies, the effects 
on cel]-death are preceded (within 3-6 horns of 6-AP administration) by a doubling of 
intracellular GSK3 activity, suggesting bat genetic mechanisms may increase GSK3 
activity. Further evidence for a role for GSK3 in AD is provided by the observation bat 
5 be protein expression level (but, in bis case, not specific activity) of GSK3 is increased by 
50% in postsynaptosomal supernatants of AD vs. normal brain tissue. Pei et al., / 
Neuropathol Exp 56:70-78 (1997). Thus, it is believed that specific inhibitors of GSK3 
will act to slow the progression of Alzheimer's Disease. 

OberCNS disorders 

10 In addition to be effects of lithium described above, there is a long history of be 

use of lithium to treat bipolar disorder (manic depressive syndrome). This clinical 
response to lithium may reflect an involvement of GSK3 activity in the etiology of bipolar 
disorder, in which case GSK3 inhibitors could be relevant to bat indication. In support of 
bis notion it was recently shown bat valproate, another drug commonly used in be 

15 treatment of bipolar disorder, is also a GSK3 inhibitor. Chen et al., /. Neurochemistry 
72:1327-1330 (1999). One mechanism by which lithium and other GSK3 inhibitors may 
act to treat bipolar disorder is to increase be survival of neurons subjected to aberrantly 
high levels of excitation induced by be neurotransmitter, glutamate. Nonaka et al., PNAS 
95: 2642-2647 (1998). Glutamate-induced neuronal excitotoxicity is also believed to be a 

20 major cause of neurodegeneration associated with acute damage, such as in cerebral 
ischemia, traumatic brain injury and bacterial infection. Furthermore it is believed bat 
excessive glutamate signaling is a factor in be chronic neuronal damage seen in diseases 
such as Alzheimer's, Huntingdon's, Parkinson's, AIDS associated dementia, amyotrophic 
lateral sclerosis (AML) and multiple sclerosis (MS). Thomas, J. Am. Geriatr. Soa 43: 

25 1279-89 (1995). Consequently GSK3 inhibitors are believed to be a useful treatment in 
bese and other neurodegenerative disorders. 

Immune potentiation 

GSK3 phosphorylates transcription factor NF-AT and promotes it§ export from the . 
nucleus, in opposition to the effect of calcineurin. Beals et al., Science 275:1930-33 (1997). 
30 Thus, GSE3 blocks early immune response gene activation via NF-AT, and GSK3 
inhibitors may tend to permit or prolong activation of immune responses. Thus GSK3 
inhibitors are believed to prolong and potentiate be immunostimulatory effects of certain 
cytokines, and such an effect may enhance be potential of bose cytokines for tumor 
immunotherapy or indeed for immunotherapy in general. 

35 Other disorders 

Lithium also has other biological effects. It is a potent stimulator of hematopoiesis, 
bob in vitro and in vivo. Hammond et aL, Blood 55: 26-28 (1980). In dogs, lithium 
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carbonate eliminated recurrent neutropenia and normalized other blood cell counts. Doukas 
et al. Exp Hematol 14: 215-221 (1986). If these effects of lithium are mediated through the 
inhibition of GSK3, GSK3 inhibitors may have even broader applications. 

Since inhibitors of GSK3 are useful in the treatment of many diseases, the 
5 identification of new inhibitors of GSK3 would be higjbly desirable. 

Summary of the Invention 
It has now been surprisingly discovered that glycogen synthase kinase 3 (GSK3) 
activity can be inhibited in vitro or in vivo by certain pyrimidine and pyridine based 
derivatives. Accordingly, the present invention provides new compounds, compositions 
10 and methods of inhibiting die activity of GSK3 in vitro and of treatment of GSK3 mediated 
disorders in vivo. In one aspect, the present invention provides new compounds having 
GSK3 inhibition activity of the following formula (I): 




wherein; 

IS Wis optionally substituted carbon or nitrogen; 

X and Y are independently selected from the group consisting of nitrogen, oxygen, 
and optionally substituted carbon; 

A is optionally substituted aryi or heteroaryl; 

Ri, R*i, R ( 2> Rj, K\ R4 and R f 4 are independently selected from the group 
20 consisting of hydrogen, hydrtixyl, and optionally substituted loweralkyl, cydoloweralkyl, 
cyclicaminoalkyl, alkylaminoalkyl, loweraBcoxy, amino, alkylamino, alkylcarbonyl, 
arylcarbonyl, aralkylcarbonyl, heteroarylcarbonyl, heteroaralkylcarbonyl, aryl and 
heteroaryl, and R'j, R 1 * R3 and R4 are independently selected from tiie group consisting of 
hydrogen, and optionally substituted loweraflcyl; 
25 R5 and R7 are independently selected from the group consisting of hydrogen, halo, 

and optionally substituted loweralkyl, cydoalkyl, alkoxy, amino, 
aminoalkoxy^lkylcaibonylamino, aryicaibonylamino, aralkylcarbonylamino, hetero- 
arylcarbonylamino, heteroaraIk)4carbonylamino, cycloimido, heterocycloimido, amidino, 
cydoamidino, heterocydoamidino, gnanidinyl, aryl, biaryl, heteroaryl, heterobiaryl, 
30 heterocydoalkyl, and aiylsulfonamido; 

R* is selected from the group consisting of hydrogen, hydroxy, halo, caiboxyl, 
nitro, amino, amido, amidino, imido, cyano, and substituted or unsubstituted loweralkyl, 
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loweralkoxy, alkylcarbonyi, arylcarbonyl, . aralkylcarbonyl, heteroaryicarbonyl, 
he^eroaralkylcarbonyl^l^lcaibonjdoxy, arylcarbonyloxy, aralkylcaibonyloxy, 
heteroarylcaibonyloxy, heteoaralkylcaibonyloxy, alkylaminocaibonyloxy, arylamino- 
carbonyloxy, formyl, loweralkylcaxbonyl, loweralkoxycaibonyl, aminocarbonyl, 
S aminoaiyl, alkylsulfonyl, sulfonamide, aminoalkoxy, alkylamino, heteroaiylamino, 
alkylcarbonylamino, alkylaininocarbonylamino, aryiaminocarbonylaniino, aralkyl- 
carbcnylamino, hetdoaiylcarbonylamino, atylcarbonylamino, heteroarylcarbonylamino 
• cycloamido, cyclothioamido, cycloamidino, hetoocydoamidiiio, cycloiroido, 
beterocycloimido, guanidinyl, aiyL, heteroaryl, heterocyclo, heterocycloallcyl, aiylsulfonyl 
10 and arylsulfonamido; 

and the pharmaceutical acceptable salts thereof 

Presently particularly preferred and novel compounds of the invention are provided 
by the compounds of formulas (TV) and (V): 

R12 

(IV) 
(V) 

wherein X, Ri~R«, and Rs-Rm have die meanings described above, and R\$ is selected from 
the group consisting of hydrogen, nitro, cyano, amino, alkyl, halo, haloloweralkyl, 
alkyloxycarbonyl, aminocarbonyl, alkylsulfonyl and aiylsulfonyl, and the phannaceutically 
acceptable salts thereof 

20 The methods, compounds and compositions of die invention may be employed 

alone, or in combination with other pharmacologically active agents in die treatment of 
disorders mediated by GSK3 activity, such as in die treatment of diabetes, Alzheimer's 
disease and other neurodegenerative disorders, obesity, atherosclerotic cardiovascular 
disease, essential hypertension, polycystic ovary syndrome, syndrome X, ischemia, 
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especially cerebral ischemia, traumatic brain injury, bipolar disorder, immunodeficiency or 
cancer. 

Detailed Description of the Preferred Embodiment 
In accordance with the present invention, compounds, compositions and methods 
S are provided for the inhibition of glycogen synthase kinase 3 (GSK3) activity, either in 
vitro or in vivo. In one aspect, the present invention provides new compounds having 
GSK3 inhibition activity of the following formula (I): 




wherein: 

10 W is optionally substituted carbon or nitrogen; 

X and Y are independently selected from the group consisting of nitrogen, oxygen, 
and optionally substituted carbon; 

A is optionally substituted aryl or heteroaryl; 

Ri, R'i, R2, R f 2, R3, R'3. R4 and R' 4 are- independently selected from the group 

15 consisting of hydrogen, hydroxy!, and optionally substituted loweralkyi, cycloloweraDcyl, 
cydicaminoalkyl, alkylaminoalkyl, loweralkoxy, amino, alkylamino, alkylcarbonyl, 
arylcarbonyl, aralkylcarbonyl, heteroarylcarbonyl, heteroaralkylcarbonyl, aryl and 
heteroaryl, and R'i, R 2, R 3 and R 4 are independently selected from the group consisting of 
hydrogen, and optionally substituted loweralkyi; * 

20 Rs and R 7 are independently selected from the group consisting of hydrogen, halo, 

and optionally substituted loweralkyi, cydoaDcyl, alkoxy, amino, aminoalkoxy, 
alkylamino, 'araHcylamino, heteroaralkylamino, arylamino, heteroarylamino cycloimido, 
heterocycloinrido, amidino, cycloamidino, heterocycloamidino, guanidinyl, aryl, biaryi, 
heteroaryl, hetoobiaryl, heterocycloalkyl, and aryisulfbnamido; 

25 Rs is selected from the group consisting of hydrogen, hydroxy, halo, catboxyl, 

nitro, amino, amido, amidino, imido, cyano, and substituted or unsubstituted loweralkyi, 
loweralkoxy, alkylcarbonyl, arylcarbonyl, aralkylcarbonyl, heteroarylcarbonyl, 
heteraralkylcarbonyl, alkylcarbonyloxy, arylcarbonyloxy, aralkylcarbonyloxy, alkylamino- 
caibonyloxy, aiylaminocaibonyloxy, formed, loweralkyi carbonyl, loweralkoxycarbonyl, 

30 aminocarbonyL, aminoaryl, alkylsulfonyl, sulfonamido, aminoalkoxy, alkylamino, 
heteroaiylamino, alkylcarbonylamino, alkylaminocaibonylamino, arylamino- 
carbonyiamino, aralkylcarbonyl amino, heteroaralkylcaxbonylamino, aryicarbonylamino, 
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heteroarylcarbonylamino cydoamido, cydothioamido, cydoamidmo, hetejocydoamidino, 
cycloimido, heterocycloimido, guanidinyi, aryl, heteroaryl, heterocydo, heterocydoalkyl, 
arylsulfonyl and aryisulfonamido; 

and the phaxmaceutically acceptable salts thereof. 
5 In one presently preferred embodiment of die invention, at least one of X and Y is 

nitrogen. Representative compounds of this group include those compounds in which one 
of X and Y is nitrogen and the other of X and Y is oxygen or optionally substituted carbon. 
Preferably, both X and Y are nitrogen. 

The constituent A can be an aromatic ring having from 3 to 10 caibon ring atoms 

10 and optionally 1 or more ring heteroatoms. Thus, in one embodiment, A can be optionally 
substituted carbocydic aiyL Alternatively, A is optionally substituted heteroaryl, such as, 
for example, substituted or unsubstituted pyridyl, pyrimidinyl, thiazolyL, indolyl, 
imidazolyl, oxadiazolyl, tetrazolyl, pyrazinyl, triazolyl, thiophenyl, fiiranyl, quinolinyl, 
purinyl, naphthyl, benzothiazolyi, benzopyridyl, and benzimidazolyl, which may 

15 substituted with at least one and not more than 3 substitution groups. Representative 
substitution groups can be independently selected from the group consisting o£ for 
example, nitro, amino, cyano, halo, .flnoamido, amidino, oxamidino, alkoxyamidino, 
imidino, guanidino, sulfonamido, caiboxyl, fonnyl, loweralkyl, haloloweralkyl, 
loweralkoxy, haloloweralkoxy, loweralkoxyalkyl, loweralkylaminoloweralkoxy, 

20 loweralkylcarbonyl, loweraraflcylcarbonyl, loweAeteroaralkylcarbonyl, alkylthio, 
aminoalkyl and cyanoalkyL 

In a presently particularly preferred embodiment of the invention, A has the 
formula: 




25 wherein Rg $nd R? are independently sdected from the group consisting of hydrogen, 
hydroxy, nitro,' amino, cyano, halo, thioamido, amidino, oxamidino, alkoxyamidino, 
imidino, guanidinyi, sulfonamido, caiboxyl, fonnyl, loweralkyl, aminoloweralkyl, 
loweralkylaminoloweralkyl, haloloweralkyl, loweralkoxy, haloloweralkoxy, 
loweralkoxyalkyl, loweralkylaminoloweralkoxy, loweralkylcarbonyl, loweraralkyl- 

30 carbonyl, loweAetooaraDcylcaibonyl, alkylthio, aryl and, aralkyL Most preferably, A is 
sdected from title group consisting of aminopyridyl, nitropyridyi, aminonitropyridyl, 
cyanopyridyl, cyanothiazolyl, aminocyanopyridyi, trifluoromethylpyridyl, methoxypyridyl, 
methoxynitropyridyl, meihoxy cyanopyridyl and nitrothiazolyL 
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In other embodiments of the invention at least one of Ri, R'i, R& R' 2> R 3 , R 3 *, R4, 
and R 4 may be hydrogen, or unsubstituted or substituted loweralkyi selected fiom die 
group consisting of haloloweralkyl, heterocydoaminoalkyl, and loweralkylamino- 
loweraBcyl; or loweralkylaminoloweralkyl. Presently preferred embodiments of the 
invention include compounds wherein R u R'i» R2> R'2, R* Ra'and R4 are hydrogen and R' 4 
is selected fiom the group consisting of hydrogen, methyl, ethyl, amino ethyl, 
dimethylaminoethyi, pyridylethyl, piperidinyl, pyrrolidinylethyl, piperazinylethyi and 
morpholinylethyL 

Other presently preferred compounds of die invention include compounds of 
formula (I) wherein at least one of R$ and R 7 is selected fiom the group consisting of 
substituted and unsubstituted aryl, heteroaryl and biaryl. In presently preferred 
embodiments, at least one of R5 and R7 is a substituted or unsubstituted moiety of the 
formula! 




wherein Rio, Ru, R12, Ru, and Ru are independently selected from the group consisting of 
hydrogen, nitro, amino, cyano, halo, Ihioamido, carboxyl, hydroxy, and optionally 
substituted loweralkyi, lowearalkoxy, lowendkoxyalkyl, haloloweralkyl, haloloweralkoxy, 
aminoalkyl, aBcylamino, aminoalkylalkynyl, alkyiaminoalkylalkynyi, alkylthio, 
aDcylcarbonylamino, aralkylcarbonylamino, heteroaralkylcarbonylarnino, ' 

arylcarbonylamino, heteroarylcarbonylamino amino carbonyl, loweralkylaminocarbonyl, 
aminoaralkyl, , loweralkylaminoalkyl, aryl, heteroaryl, cydoheteroalkyl, aralkyl, 
alkylcarbonyloxy, arylcarbonyloxy, aralkylcarbonyloxy, arylcarbonyloxyaDcyi, 
alkylcarbonyloxyalkyl, heteroarylcarbonyloxyalkyl, aralkycarbonyloxyalkyl, and 
heteroaraikcarbonyloxyalkyL Presently particularly preferred compounds are obtained 
wherein Rio, Ru, R13, and R w are hydrogen and Ru is selected fiom the group consisting 
of halo, loweralkyi, hydroxy, loweralkoxy, haloloweralkyl, aminocarbonyl, 
alkylanrinocarbonyl and cyano; R n , R13, and R t4 are hydrogen and R ]0 and R n are 
independently selected fiom the group consisting of halo, loweralkyi, hydroxy, 
loweraBcoxy, haloloweralkyl and cyano; Rio, Rn, R13, and R, 4 are hydrogen and R u is 
heteroaryl; Rio, Ru, R13, and R t4 are hydrogen and R y2 is a heterocycloalkyl; and wherein 
at least one of Rio, Ru, Rn, R13, and R w are halo and fee remainder of Rio, Rn, Ru, Ru, 
and R M are hydrogen. Preferably, at least one of R 5 and R 7 is selected fiom die group 
consisting of dichlorophenyl, diftuorophenyi, trifluoromethylphenyl, dilorofluorophenyi, 
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bromochlorophenyl, ethylphenyl, methylchlorophenyl, imidazolylphenyl, cyanophenyl, 
• moiphlinophenyl and cyanochlorophenyl. 

In representative embodiments of the invention, R* may be substituted alkyl, such 
as, for example, aralkyl, hydroxyalkyJ, aminoalkyl, aminoaralkyl, caibonylaminoalkyi 
5 alkylcaibonylaminoalkyl, arylcaibonylaminoalkyl, aralkylcaibonylaminoalkyl, 
aminoalkoxyalkyl and arylaminoalkyl; substituted amino such as aflcylamino, 
alkylcarbonylamino, alkoxycarbonylamino, arylalkylamino, aiylcarbonyiamino, 
alkylthiocaibonylamino, arylsidfonylamino, heteroarylainino alkyl carbonylamino, 
aiylcaibonylamino, heteoaiyl carbonylamino, aralkylcaibonylamino, and 

10 heteroaralkylcaibonylamino; or substituted caxbonyl such as unsubstituted or substituted 
aminocaibonyi, alkyloxycarbonyl, aryioxycaibonyl, aralkyloxycaibonyl and alkylamino- 
aflcyloxycarbonyi. In other embodiments, R* may be selected from the group consisting of 
amidino, guanidmo, cydoimido, heterocydoimido, cydoamido, heterocycloamido, 
cyclothioamido and heterocycloloweralkyL In yet other embodiments, R* may be aiyl or 

IS heteroaryl, such as, for example, substituted or unsubstituted pyridyl, pyrimidinyl, 
piperdzinyl, thiazolyl, indolyl, imidazole oxadiazolyl, tetrazolyl, pyrazinyl, triazolyi, 
thienyl, foranyU quinolinyl, pyrrolyopyridyi, beazothiazolyl, benzopyridyl, benzotriazolyl, 
and benzimidazolyl. In yet other embodiments, R$ may be a monoketopiperazinyl group 
having the structure: 



20 




wherein R 15 and Rk are independently selected from the group consisting of hydrogen, 
loweralkyl, loweralkynyl, aryl, heteroaryl, arylloweralkyi, ldweralkylarylloweralkjd, 
haloloweralkyl, haloaryUoweralkyl caibocyclic and heterocyclic; or R 8 can be taken wife 
another Rjg or with R] 5 to form a carbocyclic, heterocyclic or aryl ring; and o is an integer 
25 between 1 and 6. In representative embodiments of this aspect of the invention, R15 is 
loweralkyl, such as methyl, ethyl, n-propyl, isopropyl, cyclopropyl, n-butyl, iso-butyl or 
t-butyl, orRis is taken with R 16 to form a group having the structure: 




Presently preferred, representative compounds of tins group include, for example, 
30 l-[2- {[2-( {6-amino-5^ydroxy(oxido)amino}-2-pyridinyl } amino)ethyl]ainino} -4-{2,4- 

di(Worophenyl)-5-pyrimidinyl]-2-pipaazinone, l-[2-{[2^{6-amino-5-{hydn>xy(oxido)- 
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anrino]-2-pyridinyl}amm^ 

methyl-2-piperazinone, l-[6-{[2^{6-amino-5-[hydn>x^ 

e&yl]amino}-2^2,4^chloioph^ \-[2-{[2-i{6- 
aiiunCK5^ydroxy(oxido)amino>2-p>Tidinyl} amino)ethyl] amino } -^2,4-dichlorophenyl)- 
5 5-pyrixnidinyTH^ 6^(2-{[6^2,4^<^orophemyl>5-(4nniethyl-2- 
oxo- 1 -piperazinyl>2-pyridinyl]amiiK)} ethyl)amino}nicotiiioiiitrile, l-[6-{[2-({6-amino-5- 
[hydroxy(oxido)ammo]-2-p^ 

mediyI-2-piperazmone, 6-[(2~{[6^4^ylpheDyl)-5^^ 

pyridinyI]ainino} eAyl)amino]mcotiDoiutrile > 6^{24T6^4-edaylphenyl)-5-(4-methyl-2-oxo- 
10 1 ~piparazinyl}-2-pyridinyl](m^yl)aniino]ethyl } aminojnicotinonitrile, 6-[(2-{[4-(2,4- 
dicfclorophenyl)-5-(4^^ 

nicotinonitrile, l-[6-{[2-({6-amincH5-[hy(to^ 

amino}-2^4Hiifhaoroph^ 4-[6-{[2-{{6-amiao- 
5-[hydroxy(oxido)amino]-2-pyridinyl}amm 
15 piperazinyl^-pyridmyljbenzonitrile, 1 -[6- {[2^{6-amino-5-[hydroxy(oxido)amino>2- 
pyridinyl} amino)ethyl]amino} -2^2,4^cWon>pheayl)-3^yridinyl]-4-isopropyl-2- 
piperazinone, l-[6-{[2-({6-ann^5^ydroxy(ori 

amiiK>}-2^2,4Knx^oroplL^ l-{6-{[2-({6-amincK 
5^ydroxy(oxido)amino]-2-pyridin^ 
20 3^yridinyl} -4-meihyl-2-piperazinone > H6-{[2<{6-amino-5-[>ydtox^ 
pyridinyl}amnio)eihyl]amino}-^^ 
l-[6-{[2<{6-amiiK>-54hydroxy(oxido)a2n^ 

dicUoiophenyl}-3-pyridinyl^ H6-{[2-({6-^ixrino-5-[hydroxy- 
(oxido}amino]~2-pyridinyl } amino)propyl] amino} -2^2,4--(KdJon)phaiyl>3-pyridinyl]-4- 
25 methyl-2-piperazinone, l-[6-{[2^{6-amiiK>-5^ 

l-meihylethyl]amino}-2^2y4Kiic^ i-[6- 
{[2^{6-amincH5-[hydroxy(oxido)ammol-2-pyridin 

(2,4^cMorophenyI)-3-pyri^^ l-[6- {[2^{6-amin0-5- 

|>ydroxy(oxido)ainino]-2-pyridinyl} amii>o}4 , 1 -dimethylethyl] amino } -2^2,4-didJoio- 
30 phenyl)-3-pyridiayl]^m^ l-[6-{[2^{6-ainino-5-|>y<iroxy(oxido)- 
amino]-2-pyridinyi} amino)eth>d] [2-<l -pyiroUdinyl)e&yl]ainino} -2-{2,4-<JicbloropheQyl)- 
3-pyrich^]^methyl-2-pipmzmone, 1 -{6-{3-{ {6-amino-5-[hydroxy(oxido)amino]-2- 
pyridinyl} amino)propyl]-2^2,4-dicU^^ 1- 
[6~[[2-({6-amino^ 

35 (2,4-dichlorophenyi)-3 -pyridmyl^meftyW-piperazmon^ lH[6-[2-({6-amino-5- 
[hydroxy(oxido)ammo]^ 
methyl-2-pipearazinoiie, H6-{[2-({6-amino^^ 

e&yI]amiiK>}^ i-[6-{[2-({6- 
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amino-5-[hydroxy(oxido)amiM^ 

amiiu>}-2^2 > 4^chloropheny^ 1 -[6-{[2-({6-amino- 

5-[hydroxy(oxido)aimno]-2-pyridinyl} amino)ethyl]amino} -2-<2,4-dichlorophaiyl)-3- 
pyridinylJ-2-piperazinone, l-[6-{[2^{6naixiiiKH5-[h^^ 
5 amino)e&yi]amiiK>}-2<2,^ 1- 
[6-{[2^{6-amino-5-[hyd^ 

<Hchlorophenyl)-3-pyridinyl^ l-[6-{[2-({6-amiiio-5- 
(^ydroxy(oxido)amino}-2-^^ 

4-roethyl-2-piperazinone > l-[6- {[2-{ {6-aminc>-5-[hydroxy(oxido)amino]-2-pyridinyl } - 
10 amiiK>)ethyl]an)ino}-2-(2,^^ U 
(2-(2,4^cMorophenyl)^{^^ 

eihyi]amuH>}-3-^ 1 -(2-(2,4-<iichloiopheQyl>-6- {[l^S- 

[hydroxy(oxido)amino>2-pyrid^ 
piperazinone, 4^6-{[2^{6-anrino-5^ydroxy^ 
IS amino} -3^4-methyl-2~oxo~ 1 -piperazinyl)-2-pyridinyl]beiizaiiiide, 2-[6-{[2-({6~amino-5- 
[hydroxy(oxido)amino]-2^yridinyl}amino)ethyl] 

pyridinyl]hexahydtopym)lo^ H6-{[2-({6-axmno-S-[liydroxy- 
(oxido)amrao]-2-pyridinyl}an^ 

(me%lsulfbnyl>2-piperazinone, 4-acetyl- 1 -[6- { [2-{ {6-amino-5- j>ydroxy(oxido)amino> 
20 2-pyridinyl} amino)ethyl]amino} -2^2 > 4^dilorophaiyi>3-pyridinyl]-2-pipaBzinoDe > 2-[6- 
{[2^{6-amino-54hydroxyfa^ 

dicHomjl^yl)-3-pyridinyl]hexahydropynDlo[ 2-[6-{[2-{{6- 
aminc>-5H>ydroxy(oxido)airuiK)>2-pyridm 

3-pyridinyi]hexahydropyrro]o[l >2-a]pyrazm-3(4H}one, 2-[6- {[2-< {6-amino-5-[hydroxy- 
25 (oxido)ammo]-2-pyridmy0 

hexahydropym>lotl > 2-a]pyTa2in-l(2H>one, 2-[6-{[2-({6-amino-5-{hydra 
2-pyri(foyl}axnino)e^ 

[l^-a]pyrazm-l(2H)-one, H6-{[2^{6-*mino-5-[h^^ 

amino)ethyl]amiro^ 4-{6-{[2- 
30 ({6-amkc>-5-[hydrox^ amino)^i)1]amino}-3-(4-ediyl-2-oxo-l- 
piperazii]yl)-2-pyri^ K6-{[2<{6-amino-5-[hydroxy(oxido)axni^ 
pyridinyl}amino)propyl]aniiii^ 
piperazinone, l-(6-{[2^{6-amino-5-^ 

amino}-2-pheayl-3-pyridinyi^ H6-{[2^{6-amino-5-[hydroxy- 
35 (oxido)fflnino>2-pyridinyl}amim))eA 

2-piperazinoiie, 3-amiiu>-l-[6-{[2^{6-*n^ 

amiiH))ethyl]amino}-2^^ H6-{[2-({6- 
ammD-5-[hydroxy(oxifo^ 
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pyridinylJ^metbyl-2-piperazinone, !-[6-{[2-({6-amino-5-[hydxDxy(oxido)ainino>2- 

pyridinyl}amino)ethyl]amii^ 

piperazinone, i-[6-{[2^{6-amino-5-[hydrox^ 

amino}-2^2,4-dicMoroph^ 4-[6- 
{[2^{6-amino-5-[hydroxy(oxido)ami^^ 

phenyl>3-pyridinyl}*3-m0rpholiiioiie, l-{6-[2<6-Amino-5-nitro-pyri^ 
ethylaminoHVTMpyrifo^ l-[6-{[2-({6-amino-5- 
I>ydroxy(oxido)amino}-2-pyridinyl } amino)ethyl] amino} -2-<2,4-dichloropbenyl>3 - 
pyridinyl>2-piperidmone, l-[6-{[2^{6-amino-5-[hydroxy(oxido)amiM 
anrino)e%l]amiiK>}-2^4^ 
l-[(H{[2^{6-aniino-5-{hy^ 

methoxyphenyl)~3-pyridinyl}^methy^ and H6-{[2^{6-amino-5- 

[hydroxy(oxido)amino>2-pyri 

methyl-2-piperazinone. 

As used herein, representative heterocyclo groups include, for example, those 
shown below (where the point of attachment of the substitnent group, and the other 
substituent groups shown below, is through the upper left-hand bond). These heterocyclo 
groups can be further substituted and may be attached at various positions as will be 
apparent to those having skill in the organic and medicinal chemistry arts in conjunction 
with the disclosure herein. 




Representative heteroaryl groups include, for example, those shown below. These 
heteroaryl groups can be further substituted and may be attached at various positions as 
will be apparent to those having skill in the organic and medicinal chemistry arts in 
conjunction with the disclosure herein. 
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Representative cycloimido and heteocydoimido groups indude, for example, 
those shown below. These cydoimido and hetero cycloimido can be further substituted and 
may be attached at various positions as will be apparent to those having skill in the organic 
and medicinal chemistry arts in conjunction with the disdosure herein. 
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Representative substituted amidino and heterocycloamidino groups include, for 
example, those shown below. These amidino and heterocycloamidino groups can be further 
substituted as will be apparent to those having skOl in the organic and medicinal chemistry 
arts in conjunction with the disclosure herein. 



N 

" N 



Representative substituted aDtylcarixmylamino, alkyloxycarbonylamino, 
aminoalkyloxycarbonylamino, and arylcarbonylamino groups include, for example, those 
shown below. These groups can be further substituted as will be apparent to those having 
skill in die organic and medicinal chemistry arts in conjunction with the disclosure herein. 

0 ^k^ N \ tf^s^N^ 0 * 4 o^o' ^ Nn - 




Representative substituted aminocaibonyl groups include, for example, those 
shown below. These can heterocyclo groups be further substituted as will be apparent to 
those having skill in the organic and medicinal chemistry arts in conjunction with die 
IS disclosure herein. 




Representative substituted alkoxycarbonyl groups include, for example, those 
shown below. These alkoxycarbonyl groups can be further substituted as will be apparent 
20 to those having skill in the organic and medicinal chemistry arts in conjunction with foe 
disclosure herein. 
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Presently paorticulady preferred compounds of the invention include compounds 
having fiie structure: 






Ri» 










Rs . 





Ri Rj 



(TV) 

wherein X, Ri-R*, and R*-Rm have die meanings described above, and die 
pharmaceutical^ acceptable salts thereof Presently preferred, representative compounds 
of this group include, for example, [4^4-imidazolylphenyl)pyrimidin-2-yl] {2-[(5-nitro(2- 
pyridyl))amino]ethyl} amine, 4-[5-imidazolyl-2<{2-[(^ 

amiiK>)pyrimidi^ 4^2^{2-[(6-amino-5-nitro(2-pyridyl))amino]- 
ethyl} amino)-5-iirudazolylpyrim [4-(2,4-didilorophenyl>-5- 
imidazolylpyrimid^^ 4^2<{2^(5-nitro-2- 
pyridyl) aminojethyl} amino>7a-hydro-l ,2,4-triazolo[ 1 ^a]pyrimidin-7-)4]benzm^ 
carbonitrile, {2-[(6-amino-5-nitro(2-pyri^ [4-(2,4-dichlorophen^)-5- 
imidazolytpyrimidin-2-yl]amine, [4^2,4^chlorophenyl)-5-imidazol-2-yl^^ 
yll{2^(5-nitro(2-^yridyl))ami^ 6-[(2-{[4-{2,4-dichloropheQyl)-5- 
imidazol^pyrimidin-2-yl]amino} ediyl^inino]pyridin^3<aibonitrile, [5-benzotriazolyl-4- 
&4Klichlorophenyl)pyri^^ [2-<{2-[(6- 
amko-5Hutn>(2-pyridyl))ammo]ethyl} amino)^2 > 4^cMoTX)phenyl)pyriinidm 
mrthan-l-ol, [4<2,4^chlon>phenyI)~2^^ 
pyrhnidin-5-yl}median-l-ol, 2-[2^{24(6-ammo-5^tro(2^y^ 

(2,4^chlon>phenyl)pyrimi(^ [5«amino-4-(2,4-diciJon>- 
phenyl)pyrimidfta^ {2-((6-amino- 
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5-nitro(2-pyridyl))amiiio]efiiyl} [4^2,4-dic^oroph€oyl)-5-morpholin^ 
amine, {2-[(6-amino-5-mtro(2-pyridyl))aniiDo]ethyl} {4-(2,4-dichlDix>phenyI)-5-[S- 

(trifhioromethyl)(l ^3,4-tetoaazolyl)]pyiiinidin-2-yJ } amine, l-[2-({2-[(6-amino-5-nitro(2- 
pyridyl))amino]ethyl}anrino)-4^^ pynoHdine-2,5-dione, 
5 [4-(2 > 4-dicMoioph^^ {2-[(5-nitr6(2^yridyI))anuno]eayl}- 
amine, [4K2,4^cMorDpheayl>^ pyrimidin-2-yl]{2-[(5-nitio(2- 
pyridyl))an^o]ethyl}amine > [4^2,4^c^oiophmyl)-5-<2,4-dimethyl- 
ixnidazolyl)pyrimidm-2-yl] {2^(5^tro(2-pyridyl))^^ 6-[(2-{[4-(2,4- 
dichlorophenyl)-5-imidaz^^ ^hyl)aminoJpyridine-3- 

10 carbonitrile, {2-[(6-amino-5^tro(2-pyridyl))amino]ethyl} [4<2,4-didilorophenyl>5- 
(moxpholirH^ylmethyl)pyriinid^ {2-[(6-amino-5HDitro(2i>yridyl))amino]- 
e&yl} [4^2,4-<Kchlorophen^ {2-[(6»amino-SHDdtro(2« 
pyridyl))amino]e%l}[^ \^4^2,4- 
dichlorophenyl>2-({2-[(5-m^ 

15 pyridin-2-one, [5-bai2^da2x>lyl^2,4^chlon^ 

pyridyl))amino]ethyi} amine, {2-[(6-amino-5-nit^ 

dichlorophenyl>5-imidazolylpyr^ {2-[(6<amina-5-'nitro{2- 
pyridyl))amino]ethyl}[^ {2-[(6- 
amino-5-nitm(2-pyridyl))amino]ethyl} [4-(2,4^Woiophenyl>5^4-methylpiperazuiyl>- 
20 pyrimidin-2-yl]amine, [4-(2,4-di<MoTOph^l>5^2-mdhyliniidazolyl) pyrimidin-2-yl]{2- 
[(5-nitro(2-pyridyl))amino]eAyl}amine, {2-[(6-ammo-5-nit^ 

(2,4-dichIorophenyl)h5^2-methyli^^ {2-t(6-amino-5- 

nitn>(2-pyridyl))^^ 

yljamine, {2-[(6-amin<>-5^tn#^^ 

25 dimethylimidazolyl)p>oTmidin-2 [4-(2,4-dichlorophenyi^ 

ylpyrimidin-2-yl](2-{[^ amine, [4-{2,4- 

(Hchloiophenyi)-5-pipemi^^ {2-[(5^tro(2-pyridyl))amino]diiyl}amine, 
[4^2,4^cfalorophenyi)~5-M {2-[(5- 
nitro(2-pyridyl))amino]ethyl}amine > H2^{2-[(6-amiiio-5-m^ 

30 amino>4^2,4-dichloi^ [4-(2,4- 
dichlorophenyl)-5-(l-m^ {2-[(5^ritro(2-pyridyl)> 
amino]ethyl} amine, l-[2^{2^(6-aminD-5^tro(2-pyridyl))amino]e% 
<Hchlorophenyl)pyrixiridm-^ l-[4-(2,4- 
dichlorophenyl)-2-{ {2^(5niilTo(2-pyridyl))amino)ethyl } amino)pyrimidin-5-yl]-4-methyi- 

35 pipCTazine-2,6-dione > H2-({2-[(6-*inin^^ 

dichloiDphmyl)pyrimid^ {5-imidazol-2- 
yl^4<trifhH>n^^ {2K(5^tio(2-pyrid3d))amino]- 
ethyl}amine, {2^(6-amino-5~iu^ 
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mefliylfanidazol-2-yl)pyrimidin-2-yl]a [4-(2,4-dichlon>phenyl>-5-{4-m^iyl- 
piperazinyl)pyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))amino]efcyl} amine, [4-(2,4-didalon> 
pheayl>5^morpholiiHl-ylmethyl)pyrimi 

amine, [4-(2,4-dichlon>phenyi^^ {2-[(5-mtro(2- 
5 pyridyl))amino]ethyl}amine, {24(6-amino-5-nitio(2^y^ 

dic^oiophenyi>5-(4^ {2-[(6^mino-5-mtro(2- 
pyridyl))amino]dhyi} [4^2-chlorophenyi)-5-imid^ [4-(2- 
cMoio^fiuoropheny^ {2-[(5-nitro(2-pyridyi))-- 
amino]ethyl}amine, [4-(2,4^chlcm)phe&yl)-5-im^ {2-[(5-nitn>(2- 
10 pyridyl)) amino]ethyl} (2-pym)tidinylethyl)amine, [4-(2,4-didilorophenyl>-5-iinidazolyl- 
pyrimidin-2-yl](2-m^ amine, 6-[(2- 

{[4^2,4niidbJorophenyl>5-(^ 
pyridine-3-carbomtrile, {2-[(6~amino-5-riti^ 

£h*>rophenyl)-5-imidazoW^ [4-(4-ethylphenyl)-5-imidazol-2- 
15 ylpyrinudi*-2-yl]{2-[(5-^^ [5-((l E)-l-aza-2-moipholin- 

4-ylprop- 1 ^yl)^2 > 4^cMoTopheayl)pyriiiridin-2-yl] {2-[(6-aminc>-5-nitro(2-pyridyl))- 

amino]eftyi}amine, N-[4<2,4-dicfalaioph^ 

amino)pyrimidin-5-yl]acetannde > [4-<2 > 4^dilorophenyl)-5-imid^ 

yl] {2-[(6-methoxy-5<utro(2-^ 6-[(2-{[4-(2,4-dichlorophenyl)- 
20 5-imida2»lylpyrimidin-2-yi]methylamino} <H(2-{[4- 

(2,4-didiIoiDphenyl^ 

caibonitrile, [4<2,4^cMm>phf»^^ 

pyridyi))amino]efliyl}amine, 6-[(2-{[4-(2<l]loro^fli^ 
ylpyrimidin-2-yl]amino} e^yl)amino]pyridm [4-(4-chlorophenyl>-5- 
25 imidazoI-2-ylpyi^din-2-yl] {2-[(5-nitio(2-pyridyl))ainino]ethyl}amine, {2-[(6»amino-5- 
nitro(2-pyridyl)) amino]ethyi}[4^4-chlon>-2-^ 
yl]amine, {2-[(6-amino-5-mtn>(2-pyridyl))am^ 

imidazol-2-ylpyrimidin-2-yl]amine > 6-[(2- { [4^44m>mo-2-chlorophenyl)-5-i^ 
ylpyrinndin-2-yl]amiiK)^ 6-[2^{2-[(6-amiiu>-5^tro(2- 
30 pyridyl))amino]et^ 

b]pyridin^5,7-dione, N-[2^{24(6-amino-5-ni^ 

dic±JorophenyI)pyrimidin-5-yl>^ {2-[(6-amino-5-nitro(2- 
pyridyl))amino]^hyl} [4^4-bromo-2^orophenyl)-5^4-^ 
yljanrine, 6-[(2-{[4-(4-bramo-2<U^ 
35 amino } eAyl)ainmo]pyridine-3-caibonitrile, {2-[(6-amino-5-mtn>(2-pyridyl))amino]- 
e%0[4^2-ch!oro-4-fhw^ and 6- 

[(2-{[4K2,4-dicM(m>ph^ 

amino]pyridine-3-caibonitrile. 
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Other presently particularly preferred compounds of the invention include 
compounds having the structure: 




wherein X, Ri-R*, and R*-Rh have die meanings described above, and Ru is selected from 
5 die group consisting of hydrogen, nitro, cyano, amino, aBcyi, halo, haloloweralkyl, 

aOcyloxycarbonyl, aminocaibonyl, alkyisulfonyl and arylsulfbnyl, and the pharmaceutical^ 

acceptable salts thereof Presently preferred, representative compounds of this group 

include, for example, [6-(2,4Hh<^orophenyl>5-imidazolyl(2-pyridyl)] {2-[(5-nitro(2- 

pyridyl))amino]ethyi}amine ) {2-[(6-amino-5-mtro(2^yri 
10 dichlorophenyi>54midazol^ . 6-[(2-{[6^,4^cMoropheny^ 

imidazolyl-2-pyridyl]amino} etty^ {2-[(6-amincH5-nitn>(2- 

pyridyI))amino]ethyl}[6^2,^ . :{2 T [(6ramino-5- 

nitro(2-pyridyl))amino]^ 

amine, 6^(2-{[6-(2 > 4^ch]orophenyl>^ 
15 aminolpyridine-3-caibonitrile, and [4^4-bromo-2^orophenyl)-5-imidazol-2-yl- 

pyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))ammo]^yl}amina 

In another aspect, die invention provides compositions comprising an amount of a 

compound of formula (I) effective to modulate GSK3 activity in a human or animal subject 

when administered thereto, together with a pharmaceutical^ acceptable earner. 
20 In yet other embodiments, die invention provides methods of inhibiting OSK3 

activity in a human or animal subject, comprising administering to die human or animal 

subject a GSK3 inhibitory amount of a compound of structure (I). 

The present invention further provides methods of treating human or animal 

subjects suffering from GSK3~mediated disorder in a human or animal subject, comprising 
25 administering to die human or animal subject a therapeutically effective amount of a 

compound of formula (I) above, either alone or in combination with other therapeutically 

active agents. 

In yet other embodiments, the present invention provides compounds of formulas I, 
IV and V, as described above, for use as a pharmaceutical, as well as methods of use of 
30 those compounds in die manufacture of a medicament for the treatment of diabetes, . 
Alzheimer's disease and other neurodegenerative disorders, obesity, atherosclerotic 
cardiovascular disease, essential hypertension, polycystic ovary syndrome, syndrome X, 
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ischemia, especially cerebral ischemia, traumatic brain injury, bipolar disorder, 
immunodeficiency or cancer. 

As used above and elsewhere herein the following terms have the meanings defined 

below: 

5 "Glycogen synthase kinase 3° and "GSK3" are used interchangeably herein to refer 

to any protein having more than 60% sequence homology to the amino adds between 
positions 56 and 340 of the human GSK3 beta amino acid sequence (Genbank Accession 
. No. L33801). To determine the percent homology of two amino add sequences or of two 
nucleic adds, the sequences are aligned for optimal comparison purposes gaps can be 

10 introduced in the sequence of one polypeptide or nucleic add for optimal alignment with 
die other polypeptide or nuddc add). The amino add residues or nudeotides at 
corresponding amino add positions or nudeotide positions are then compared When a 
position in one sequence is occupied by the same amino add residue or nudeotide as die 
corresponding position in the other sequence, then die molecules are homologous at that 

IS position (Le., as used herein amino add or nuddc add "homology" is equivalent to amino 
add or nuddc add "identity"). The percent homology between die two sequences is a 
function of die number of identical positions shared by the sequences (Le., % homology = 
# of identical positions/total # of positions x 100). GSK3 was originally identified by its 
phosphorylation of glycogen synthase as described in Woodgett et al., Trends Biochem, 

20 ScL y 16:177-81 (1991X incorporated herein by reference. By inhibiting GSK3 kinase 
activity, activities downstream of GSK3 activity may be inhibited, or, alternatively, 
stimulated. For example, when GSK3 activity is inhibited, glycogen synthase may be 
activated, resulting in increased glycogen production. GSK3 is. also known to act as a 
kinase in a variety of other contexts, including, for example, phosphorylation of o-jun, 0- 

25 catenin, and tau protein. It is understood that inhibition of GSK3 kinase activity can lead 
to a variety of effects in a variety of biological contexts. The invention, however, is not 
limited by any theories of mechanism as to how the invention works. 

"GSK3 inhibitor" is used herein to refer to a compound that exhibits an ICso with 
respect to GSK3 of no more than about 1 00 jiM and more typically not more than about SO 

30 jiM, as measured in die cell-free assay for GSK3 inhibitory activity described generally 
herdnbdow. "IC50" is that concentration of inhibitor which reduces the activity of an 
enzyme (e.g., GSK3) to half-maximal level Representative compounds of the present 
invention have been discovered to exhibit inhibitory activity against GSK3. Compounds of 
die present invention preferably exhibit an IC50 with respect to GSK3 of no more than 

35 about 10 pM, more preferably, no more than about 5 jiM, even more preferably not more 
than about 1 pM, and most preferably, not more than about 200 nM, as measured in die 
cell-free GSK3 kinase assay. 
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^Optionally substituted" refers to die replacement of hydrogen with a monovalent 
or divalent radical Suitable substitution groups include, for example, hydroxyl, mtro, 
amino, imino, cyano, halo, thio, thioamido, amidino, imidino, oxo, oxamidino, 
methoxamidino, imidino, guanidino, sulfonamido, caxboxyl, formyl, loweralkyl, 
5 haloloweralkyl, loweralkoxy, haloloweralkoxy, loweralkoxyalkyl,alkylcarbonyl, 
arylcarbonyl, aralkylcarbonyl, heteroarylcarbonyl, heteroaralkylcarbonyl, alkylthio, 
aminoalkyl, cyanoalkyl, and the; like. 

The substitution group can itself be substituted The group substituted onto the 
substitution group can be carboxyl, halo; nitro, amino, cyano, hydroxyl, loweralkyl, 
10 loweralkoxy, aminocarbonyl, -SR, thioamido, -SO3H, -SQ2R or cycloalkyl, where R is 
typically hydrogen, hydroxyl or loweralkyl. 

When tfie substituted substituent includes a straight chain group, the substitution 
can occur either within the chain 24iydroxypropyl, 2-aminobutyl, and the like) or at 
die chain terminus (e.g., 2-hydroxyethyl, 3-cyanopropyl, and the like). Substituted 
IS substitutents can be straight chain, branched or cyclic arrangements of covalently bonded 
carbon or heteroatoms. 

"Loweralkyl" as used herein refers to branched or straight chain alkyl groups 
comprising one to ten carbon atoms that are unsubstituted or substituted, e.g^ with one or 
more halogen, hydroxyl or other groups, including, e.g., methyl, ethyl, propyl, isopropyl, 
20 n-butyl, /-butyl, neopentyl, trifluoromethyl, pentafluoroethyl and the like. 

"AOcylenyT refers to a divalent straight chain or branched chain saturated aliphatic 
radical having from 1 to 20 carbon atoms. Typical alkylenyl groups employed in 
compounds of the present invention are loweralkyienyi groups that have from 1 to about 6 
carbon atoms in their backbone. "Alkenyl" refers herein to straight chain, branched, or 
25 cyclic radicals having one or more double bonds and from 2 to 20 carbon atoms. 
"AlkynyP refers herein to straight chain, branched, or cyclic radicals having one or more 
triple bonds and from 2 to 20 carbon atoms. 

"Loweralkoxy" as used herein refers to* RO- wherein R is ioweralkyL 
Representative examples of loweralkoxy groups include methoxy, ethoxy, /-butoxy, 
30 trifluoromethoxy and die like. 

"Cycloalkyl" refers to a mono- or polycyclic, heterocyclic or caibocyclic alkyl 
substituent Typical cycloalkyl substituents have from 3 to 8 backbone (Le., ring) atoms in 
which each backbone atom is either carbon or a heteroatom. The term "heterocycloalkyr 
refers herein to cycloalkyl substituents that have from 1 to 5, and more typically from 1 to 
35 4 heteroatoms in the ring structure. Suitable heteroatoms employed in compounds of the 
present invention are nitrogen, oxygen, and sulfur. Representative heterocycloalkyl 
moieties include, for example, morphoHno, piperazinyi, piperadinyl and the like. 
Carbocycloalkyl groups are cycloalkyl groups in which all ring atoms are carbon. When 
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used in connection with cycloalkyi substituents, fbe term "polycydic" refers herein to 
fused and non-fused alkyl cyclic structures. 

"Halo" refers herein to a halogen radical, such as fluorine* chlorine* bromine or 
iodine. "HaloalkyP refers to an alkyl radical substituted with one or more halogen atoms. 
5 The team "hatoloweralkyi" refers to a loweralkyl radical substituted with one or more 
halogen atoms. The term "haloalkoxy" refers to an alkoxy radical substituted with one or 
more halogen atoms. The term "haloloweralkoxy" refers to a loweralkoxy radical 
substituted with one or more halogen atoms. 

"Aryl" refers to monocyclic and polycydic aromatic groups having from 3 to 14 

10 backbone carbon or hetero atoms, and includes both carbocyclic aryi groups and 
heterocyclic aryl groups. Carbocyclic aryl groups are aryl groups in which all ring atoms 
in the aromatic ring are carbon. The term "heteroaryl" refers herein to aryl groups having 
from 1 to 4 heteroatoms as ring atoms in an aromatic ring with the remainder of the ring 
atoms being carbon atoms. When used in connection with aryl substituents, the term 

15 "polycydic" refers herein to fused and non-fused cyclic structures in which at least one 
cyclic structure is aromatic* such as, for example, benzodioxozolo (which has a 

CO- 

heterocyclic structure fused to a phenyl group, Le. , naphthyl, and the like. 

Exemplary aryl moieties employed as substituents in compounds of the present invention 

include phenyl, pyridyl, pyrimidinyl, thiazolyl, indolyl, imidazolyl, oxadiazolyl, tetrazolyl, 
20 pyrazinyl, triazolyl, thiophenyl, furanyl, quinolinyl, purinyi, naphthyl, benzo thiazolyl, 

benzopyridyl, and benzumdazolyl, and the like. 

"Aralkyl" refers to an alkyi group substituted with an aryl group. Typically, aralkyl 

groups employed in compounds of the present invention have from 1 to 6 carbon atoms 

incorporated within the alkyl portion of the aralkyl group. Suitable aralkyl groups 
25 employed in compounds of the present invention include, for example, benzyl, picolyi, and 

thelike. 

"Amino" refers herein to the group -NH* The term- "alkylamino" refers herein to 
the group -NRR' where R and R' are each independently selected from hydrogen or a lower 
alkyL The term w aryiamino n refers herein to the group -NRR f where R is aryl and R' is 
30 hydrogen, a lower alkyl, or an aryi The term "aralkyiamino" refers herein to the group - 
NRR* where R is a lower aralkyl and R' is hydrogen, a loweralkyl, an aryl, or a 
loweraralkyL 

The term "arylcydoalkylamino" refers herein to the group, aryl-cycloalkyl-NH-, 
where cydoalkyl is a divalent cycloalkyi group. Typically, cycloalkyi has from 3 to 6 
35 backbone atoms, of which, optionally 1 to about 4 are heteroatoms. The term "anrinoaBcyT 
refers to an alkyl group that is terminally substituted with an amino group. 
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Hie tenn "alkoxyalkyl" refers to the group -alki~0-alk2 where alki is aOcylenyi or 
alkenyl, and alk 2 is alkyl or alkenyl. The tain "loweralkoxyalkyl" refers to an alkoxyalkyl 
where alki is loweralkylenyl or loweralkenyl, and alk 2 is loweralkyl or loweralkenyl. He 
term "aiyloxyalkyr refers to the group -alkylenyl-O-aryl. The tarn "aratoxyalkyl" refers 
5 to flie group -alkylenyl-O-aralkyl, whore aralkyl is a loweraralkyl. 

The term "alkoxyalkylamino* refers herein to the group -NR-(alkoxylalkyl), where 
R is typically hydrogen, loweraralkyl, or loweralkyl. The torn "aminoloweralkoxyalkyl" 
refers herein to an aminoalkoxyalkyl in which the alkoxyalkyl is a loweralkoxyalkyl 

The term "amipocarbonyl" refers herein to the group -C(0)-NH2 - "Substituted 

10 aminocarbonyr refers herein to the group -CXO^NRR' where R is loweralkyl and R 1 is 
hydrogen or a loweralkyl. The term "arylaminocaibonyP refers herein to the group -C(0)- 
NRR 1 where R is an aryl and R* is hydrogen, loweralkyl or aiyL "aralkylanrinocarbonyl" 
refers herein to the group -C(0>NRR' where R is loweraralkyl and R* is hydrogen, 
loweralkyl, aryl, or loweraralkyl. 

15 "AminosulfonyT refers herein to the group -S(0)rNH2. "Substituted 

aminosulfbnyP refers herein to the group -S(0)r-NRR' where R is loweralkyl and R' is 
hydrogen or a loweralkyl. The tern "aralkylaminosulfonlyaryF refers herein to the group 
~aryd-S(0)2-NH-aralkyl, where the aralkyl is loweraralkyl. 
"CarbonyT refers to the divalent group -C(Oy. 

20 "Carbonyloxy" refers generally to the group -C(0)-Ov Such groups include esters, 

-C(0)-O-R, where R is loweralkyl, cycloalkyl, aryl, or loweraralkyl The term 
"carbonyioxycycloalkyl" refers generally herein to both an "carbonyloxycarbocydoalkyl" 
and an "rarbonyloxyheterocycjoalkyr, ie., where R is a carbocydoalkyi or 
heteocycloalkyl, respectively. The term "arylcarbonyloxy" refers herein to the group - 

25 C(0)-Oaryl, where aryl is a mono- or polycyclic, carbocycloaryl or heterocycloaryL The 
term n a^riky^cartxmy^oxy l, refers herein to the group -C(0)-0-aralkyI, where the aralkyl is 
loweraralkyl. 

The term "sulfonyl" refers herein to the group -SQr. "Alkylsulfonyl" refers to a 
substituted sulfonyi of the structure -SO2R - in which R is alkyl. Alkylsulfonyl groups 

30 employed in compounds of the present invention are typically loweralkylsulfonyl groups 
having from 1 to 6 carbon atoms in its backbone structure. Thus, typical alkylsulfonyl 
groups employed in compounds of the present invention include, for example, 
methyisulfbnyl (Lei, where R is methyl), ethylsulfbnyl (i.e^ where R is ethyl), 
propylsulfonyl (Le^ where R is propyl), and the Kke. The term "arylsulfonyl* refers herein 

35 to the group -SQraiyL The term "aralkykulfonyP refers herein to the group -SQraralkyL, 
in which the aralkyl is loweraralkyL The term "sulfonamide" refers herein to -SO2NH2. 

As used herein, the tenn "caibonylamino" refers to the divalent group -NH-C(0)- 
in which the hydrogen atom of the amide nitrogen of the caibonyiamino group can be 
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replaced a loweralkyl, aryl, or loweraralkyl group. Such groups include moieties such as 
carbamate esters (-NH-C(0)-0-R) and amides ~NH-C(0)«OR, where R is a straight or 
branched chain loweralkyl, cycloaHcyl, or aryl or loweraralkyL The term 
"loweralkylcarbonylamino" refers to alkylcarbonylanrino where R is a loweralkyl having 
5 from 1 to about 6 carbon atoms in its backbone structure. The term "arylcaxbonylamino 0 
refers to group -NH-C(0)-R where R is an aryl. <• Similarly, the term 
n aralkylcarbonylamino n refers to carbonylamino where R is a lower aralkyL 

As used heron, the term "guanidino" or "guanidyl" refers to moieties derived from 
guanidine, H 2 N-C( =NH )- N H2. Such moieties include those bonded at the nitrogen atom 

10 carrying die formal double bond (die "2 n -position of the guanidine, eg., 
diaminomefoyleneainino, (H^M^C^NH-) and those bonded at either of die nitrogen atoms 
carrying a formal single bond (foe and/or ^"-positions of the guandine, ag., 
^N-CX^NHJ-NH--). Hie hydrogen atoms at any of the nitrogens can be replaced with a 
suitable substituent, such as loweralkyl, aryl, or loweraralkyl. 

IS As used herein, foe term "amidino" refers to foe moieties R-C( = N>NR'- (foe 

radical being at foe "N lw nitrogen) and RflNROON- (foe radical being at foe "N 2 " 
nitrogen), where R and R' can be hydrogen, loweralkyl, aryl, or loweraralkyl 

Compounds of the present invention can be readily synthesized using foe methods 
described herein, or other methods, which are well known in foe art For example; foe 

20 synthesis of pyrimidines having a wide variety of substituents is comprehensibly reviewed 
in D. J. Brown, "The Pyrimidines," voL 54, Wiley (1994), which is incorporated herein by 
reference. The compounds described herein were synthesized using both solution-phase 
and resin-based (i.e., solid-phase) techniques. 

Pyrimidine based compounds of foe present invention can be readily synthesized in 

25 solution by reaction of a carbonyl-contaimng derivative with N^-dimefoyijfonnamide 
dimethyl acetal (DMFDMA). The intermediate enaminoketone that results is then reacted 
with a guanidine in the presence of an organic solvent and a suitable base such as sodium 
ethoxide, sodium mefooxide, sodium hydroxide or cesium carbonate at various 
temperatures to give a pyrimidine. This method is generally described in MenozzietaL, J. 

30 Heterocyclic ChenL > 24:1669 (1987), P. Schenone et a L, J. Heterocyclic Chan., 27:295 
(1990), R. Paul et aL, /. Med. Chem., 36: 2716 (1993) and J. Zhmnermann et aL, Arck 
Pharnuy 329371 (1996), all of which are incorporated herein by reference. 

Carbonyl-containing starting reagents that are suitable for use in this reaction 
scheme include, for example, £-keto esters, aDcyi aryl ketones, (J-keto sulfones, a-nitro 

35 ketones, P-keto nitriles, desoxybenzoins, aryl heteroarylmethyl ketones, and foe like. The 
carbonyl-containing starting reagents can either be purchased or synthesized using known 
methods. 
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For example, {J-keto esters can be readily synthesized by reaction of an acid 
chloride or other activated carboxylic add with potassium ethyl malonate in the presence 
of triethylanrine in accordance with the method described in RJ. Clay et aL, Synthesis, 
1992:290 (1992), which is incorporated herein by reference. Alternatively, the desired p- 
5 keto ester can be synthesized by deprotonating an appropriate methyl ketone with a 
suitable base such as sodium hydride, followed by condensation with diethylcarbonate in 
accordance with the method described in Sircar et aL, /. Med Chem^ 28:1405 (1985), 
which is incorporated herein by reference. 

Likewise, P-keto sulfbnes and a-mtro ketones can be prepared using known 
10 methods, such as those described in KS. Simpkins, tt Sulphones in Organic Synthesis," 
Pergamon (1993) (P-keto sulfones) and M Jung et aL, J. Org. Chenu, 52:4570 (1987) (a- 
nitro ketones), both of which are incorporated herein by reference. P-keto nitrites can be 
readily prepared by reaction of an otrbalo ketone with sodium or potassium cyanide. 

When the substrate is a doubly activated carbonyl compound (ag^ p-keto ester, p~ 
15 keto sulfbne, p- keto rritrile, and the like) the first condensation is typically conducted with 
a small excess of DMFDMA in a solvent such as THF at 70-80°C for several hours. This 
method is described in more detail in Example 25 hereinbelow (Le., "Solution Method 
A"). 

When a mono-activated substrate such as a methyl ketone is involved, DMFDMA 
20 is often used as the solvent at a higher temperature (90-1 00°C) for a longer period of time 
(eg., overnight). After completion of the condensation reaction, the solvent and excess 
DMFDMA are removed in vacuo. The resulting solid or oil is dissolved in an appropriate 
solvent and heated with an equimolar amount of the guanidine and base. This method is 
described in more detail in Example 60 hereinbelow (Le., "Solution Method B"). 
25 When esters are formed, alkaline or acidic hydrolysis of the resulting pyrimidine 

yields the corresponding carboxylic acid. This add can then be further coupled to various 
alcohols or amines to provide a variety of ester or amide derivatives. 

Guanidines employed in foe synthesis of invention compounds can be purchased or, 
alternatively, synthesized by reacting the corresponding amine with a guanidino transfer 
* 30 reagent, such as, for example, benzotriazole carboxamidinhim 4-mefoylbenzenesulfonate. 
This guanidino transfer reagent is described in AJL Katritzky et aL, 1995, Synthetic 
Communications, 25:1173 (1995), which is incorporated herein by reference. Thus, for 
example, benzotriazole carboxamidinium 4-methylbenzenesulfonate can be reacted in 
equimolar quantity with an amine and one equivalent of diisopropyl ethyl amine (DIEA) in 
35 acetonitrQe at room temperature overnight to yield guanidinium 4-mefoyfoenzenesulfonate 
upon addition of diethyl ether. Amines containing a nitrogen heterocyclic aryl can be 
prepared by nucleophilic substitution of a halo-substituted nitrogen heterocyclic aryl with 
an appropriate diamine, such as, for example, ethyienediamine or propyienedSamine* 
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These diamines axe particularly suitable for use as reaction solvents at reaction 
temperatures in the range of about 25°C to 125°G The preparation of specialized amines 
is noted in the Examples provided herein. 

Other known synthesis methods can be used to prepare compounds of the present 
S invention. For example, 5-aryl 2-amfoopyrimidine can be prepared by reacting a guanidine 
with a vinamidinium salt, in accordance with die method described in RJM Wagner and C. 
Jutz, Chenu Berichte, p. 2975 (1971), which is incorporated herein by reference. This 
method is illustrated in Example 67 hereinbdow (La/Solution Method C"). 

Similarly, 4-anilo-2-chloropyrimidine can be prepared by reacting aniline with 2,4- 

10 dichloropyrimidine. Likewise, an aniline can be treated with a 2,4-dichloropyiimidine to 
give the 4-anilo-2-chloropyrimidine. Further substitution with a second amine gives 2- 
amino^anilinopyrimidine. 

In addition to solution-phase synthesis methods, solid-support (including resin- 
based) synthesis methods can also be used to synthesize compounds of the present 

1 5 invention, especially for parallel and combinatorial synthesis methodologies. For example, 
the synthesis of tetra-substitnted pyrimidines may begin with the loading of an aromatic 
carboxylic acid aldehyde, such as, for example, 4-fbnnyl benzoic acid, to the amino group 
of a suitable resin, such as, for example, Rink amide resin (Novabiochem, San Diego, 
California) ("Resin Method A" which is described in more detail in Example 2). 

20 Knoevenagel condensation of a p-keto ester gives an unsaturated intermediate that can be 
condensed with Iff-pyrazol^l-carboxanridine hydrochloride (Aldrich) in foe presence of a 
suitable base (e.g., potassium carbonate). The intermediate dfoydropyrimidine can then be 
oxidized to foe resin bound pyrimidine with 2^dichloro-5,6-dicyano- 1 ,4-brazoquinone 
(DDQ) in benzene. Finally, substitution of the pyrazolo moiety by heating with an amine 

25 in 1 -methylpyrrolidone (NMP) or other suitable solvent is followed by acidolytic cleavage 
to give the desired pyrimidine. This synthesis method can be used to generate pyrimidines 
with a substituent in the 4-position of the py rimidine ring. 

Resin Method B, which is described in detail in Example 3, can be used to 
synthesize pyrimidines in which the 6-position is unsubstituted* A hydroxymethyl-resin, 

30 such as commercially available Sasrin resin (Bachem Biosciences, King of Prussia, 
Pennsylvania), is treated with tripheuylphosphine dibromide in dichloromethane to convert 
foe hydroxymethyi group on foe resin to abromomethyl group, as genially described in K. 
Ngu et aL, Tetrahedron Letters, 38:973 (1997), which is incorporated herein by reference. 
The bromine is then displaced by reaction with a primary amine in NMP (at room 

35 temperature or 70-80°C). The amine is then coupled with the appropriate aromatic 
compound containing an acetyl group. The coupling can be earned out with PyBOP* 
(Novabiochem, San Diego, California), and 4-methyhnorphoHne in NMP. 
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Resin Method B can also be used to incorporate an amino add residue into the 
resulting pyrimidine. For example, amino resin can be coupled to a 9-fluorenyl- 
methoxycarbonyl (FMOQ-protected amino acid using standard peptide synthesis 
conditions and methods. Further coupling with 4-acetyIbenzoic add followed by reaction 
5 with N,N-dimefrylformamide dimethyl acetal and cyclization with a guanidine produces a 
pyrimidine derivative having an amino add residue incorporated within it 

Pyrimidines having eg., a carboxamidophenyl group at position 6 and hydrogen at 
position 5 can be prepared from an amino (Le., -NH2)-containing resin such as Rink amide 
resin (Novabiochein, San Diego, California). Tins method is described in more detail in 
10 Example 10 hereinbelow ("Resin Method C n ). 

Compounds of the present invention can also be prepared according to Resin 
Method D, to produce 2,4-djaminopyrirmdines. Resin-bound amine is reacted with a 2,4- 
dichloropyrimidine to give a resin-bound 6-amino-2-chloropyrixnidine. The resin-bound 
amine can be derived from any suitable primary amine; however, anilines generally are not 
IS suitable. Displacement with a second amine and cleavage of the product from the resin 
gives a 2,4-diaminopyrimidine. For the second displacement, primary or secondary amines 
that may contain other functional groups, such as unprotected hydroxy groups, are suitable. 
The resulting dichloropyrimidine may be further substituted, for example, with an ester 
group at the 5-position. A 2,6-dichloiopyridine can be used instead of 2,4- 
20 dicMoropyrimidine to. produce a 2,6-diaminopyridine. This scheme is described in more 
detail in Examples 17-19 hereinbelow. 

Resin Method E can be used to produce a 2,6-diaminopyridine. The method is 
analogous to Resin Method D except that a 2,6-dichloropyridine is used as the electrophile 
and the final product is a 2,6-diaminopyridine. Resin Method E is described in more detail 
25 in Examples 20-21 hereinbelow. 

Resin Method F can be used to synthesize S-amino substituted compounds of the 
present invention. Resin-bound amine is reacted with a halomethyl aryl ketone. The 
resulting resin- bound aminomethyl ketone is then treated with DMFDMA (neat) followed 
by cyclization with a guanidine to give the 2^-diamino-6-aiylpyrimidind Resin Method F 
30 is described in more detail in Example 22, hereinbelow. 

Resin Method G, which is described in more detail in Example 23, can be used to 
synthesize compounds of the present invention having a carboxyl group at die 5-position. 

GSK3 inhibitor compounds of the present invention can be purified using known 
methods, such as, for example, chromatography, crystallization, and the like. 
35 Compounds of foe present invention preferably exhibit inhibitory activity that is 

relatively substantially selective with respect to GSK3, as compared to at least one other 
type of kinase. As used herein, the term "selective" refers to a relatively greater potency 
for inhibition against GSK3, as compared to at least one other type of kinase. Preferably, 
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GSK3 inhibitors of the present invention are selective with respect to GSK3, as compared 
to at least two other types of kinases. Kinase activity assays for kinases other than GSK3 
are generally known. See ag., Havlicek et ah, J. Med ChenL, 40:408-12 (1997), 
incorporated herein by reference. GSK3 selectivity can be quantitated according to the 
5 following: GSK3 selectivity = IQo (0 <hcr tire) + IQ50 (as&h where a GSK3 inhibitor is 
selective for GSK3 when ICso&t* kinase) > IC50 (osjgk Thus, an inhibitor that is selective for 
GSK3 exhibits a GSK3 selectivity of greater than 1-fold with respect to inhibition of a 
kinase other than GSK3. As used herein, the term "other kinase" refers to a kinase other 
than GSK3. Such selectivities are generally measured in the cell-free assay described in 
10 Example 265. 

Typically, GSK3 inhibitors of the present invention exhibit a selectivity of at least 
about 2-fold (Le*, IC50 (other kinase) -5- ICso (osk3)) for GSK3, as compared to another kinase 
and more typically they exhibit a selectivity of at least about 5-fold Usually, GSK3 
inhibitors of the present invention exhibit a selectivity for GSK3, as compared to at least 

15 one other kinase, of at least about 10-fold, desirably at least about 100-fold, and more 
preferably, at least about 1000-fold: 

GSK3 inhibitory activity can be readily detected using the assays described herein, 
as well as assays generally known to those of ordinary skill in the art Exemplary methods 
for identifying specific inhibitors of GSK3 include both cell-free and cell-based GSK3 

20 kinase assays. A cell-free GSK3 kinase assay detects inhibitors that act by direct 
interaction with the polypeptide GSK3, while a cell-based GSK3 kinase assay may identify 
inhibitors thai function by direct interaction with GSK3 itself or by other mechanisms, 
including, for example, interference with GSK3 expression or with post-translational 
processing required to produce mature active GSK3 or alteration of the intracellular 

25 localization of GSK3. 

. In general, a cell-free GSK3 kinase assay can be readily carried out by: (1) 
incubating GSK3 with a peptide substrate, radiolabeled ATP (such as, for example, y* 3 P- or 
T^P-ATP, both available from Amersham, Arlington Heights, Illinois), magnesium ions, 
and optionally, one or more candidate inhibitors; (2) incubating the mixture for a period of 

30 time to allow incorporation of radiolabeled phosphate into the peptide substrate by GSK3 
activity; (3) transferring all or a portion of the enzyme reaction mix* to a separate vessel, 
typically a microtiter well that contains a uniform amount of a capture ligand that is 
capable of binding to an anchor ligand on the peptide substrate; (4) washing to remove 
unreacted radiolabeled ATP; then (5) quantifying the amount of 33 P or **P remaining in 

35 eachwelL This amount represents the amount of radiolabeled phosphate incorporated into 
the peptide substrate. Inhibition is observed as a reduction in the incorporation of 
radiolabeled phosphate into the peptide substrate. 
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Suitable peptide substrates for use in the cell free assay may be any peptide, 
polypeptide or synthetic peptide derivative that can be phosphoxylated by GSK3 in the 
presence of an appropriate amount of ATP. Suitable peptide substrates may be based on 
portions of the sequences of various natural protein substrates of GSK3, and may also 
5 contain N-terminal or C-tenninal modifications or extensions including spacer sequences 
and anchor Kgands. Thus, the peptide substrate may reside within a larger polypeptide, or 
may be an isolated peptide designed for phosphorylation by GSK3. 

For example, a peptide substrate can be designed based on a subsequence of the 
DNA binding protein CREB, such as the SGSG-linked CREB peptide sequence within the 

10 CREB DNA binding protein described in Wang et aL, AnaL Biochenu, 220:397-402 
(1994), incorporated herein by reference. In the assay reported by Wang et aL, the O 
terminal serine in die SXXXS motif of the CREB peptide is enzymatically 
prcphosphoiylated by cAMP-depeadent protein kinase (PKA), a step which is required to 
render the N-terminal serine in the motif phosphorylatable by GSK3. As an alternative, a 

IS modified CREB peptide substrate can be employed which has the same SXXXS motif and 
which also contains an N-terminal anchor ligand, but which is synthesized with its O 
terminal serine prephosphoryiated (such a substrate is available commercially from Chiron 
Technologies PTY Ltd., Clayton, Australia). Phosphorylation of the second serine in the 
SXXXS motif during peptide synthesis glimmfltftg the need to enzymatically phosphorylate 

20 that residue with PKA as a separate step, and incorporation of an anchor ligand facilitates 
capture of the peptide substrate after its reaction with GSK3 . 

Generally, a peptide substrate used for a kinase activity assay may contain one or 
more sites that are phosphorylatable by GSK3, and one or more other sites that are 
phosphorylatable by other kinases, but not by GSK3. Thus, these other sites can be 

25 prephosphoryiated in order to create a motif that is phosphorylatable by GSK3. The term 
"prephosphoryiated" refers herein to the phosphorylation of a substrate peptide with non- 
radiolabeled phosphate prior to conducting a kinase assay using that substrate peptide. 
Such prephosphoryiation can conveniently be performed during synthesis of the peptide 
substrate. 

30 The SGSG-linked CREB peptide can be linked to an anchor ligand, such as biotin, 

where the serine near the C terminus between P and Y is prephosphoryiated As used 
herein, the term "anchor ligand 0 refers to a ligand that can be attached to a peptide 
substrate to facilitate capture of the peptide substrate on a capture ligand, and which 
functions to hold the peptide substrate in place during wash steps, yet allows removal of 

35 unreacted radiolabeled ATP. An exemplary anchor Hgand is biotin. The term "capture 
ligand 9 refers herein to a molecule which can bind an anchor ligand with high affinity, and 
which is attached to a solid structure. Examples of bound capture Kgands include, for 
example, avidin- or streptavidin-coated nricrotiter wells or agarose beads. Beads bearing 
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capture ligands can be further combined with a scintillant to provide a means for detecting 
captured radiolabeled substrate peptide, or scintillant can be added to die captured peptide 
in a later step. 

The captured radiolabeled peptide substrate can be quantitated in a scintillation 
5 counter using known methods. The signal detected in the scintillation counter will be 
proportional to GSK3 activity if die enzyme reaction has been run under conditions where 
only a limited portion (e.&, less than 20%) of the peptide substrate is phosphorylated. If an 
inhibitor is present during die reaction, GSK3 activity will be reduced, and a smaller 
quantity of radiolabeled phosphate will thus be incorporated into the peptide substrate. 

10 Hence, a lower scintillation signal will be detected .Consequently, GSK3 inhibitory 
activity will be detected as a reduction in scintillation signal, as compared to that observed 
in a negative control where no inhibitor is present during the reaction. This assay is 
described in more detail in Example 265 hereinbdow. 

A cell-based GSK3 kinase activity assay typically utilizes a cell that can express 

IS both GSK3 and a GSK3 substrate, such as, for example, a cell transformed with genes 
encoding GSK3 and its substrate, including regulatory control sequences for die expression 
of the genes. In carrying out the cell-based assay, the cell capable of expressing the genes 
is incubated in the presence of a compound of the present invention. The cell is Iysed, and 
the proportion of the substrate in the phosphorylated form is determined, eg., by observing 

20 its mobility relative to the unphosphorylated form on SDS PAGE or by determining die 
amount of substrate that is recognized by an antibody specific for die phosphorylated form 
of the substrate. Hie amount of phosphorylation of die substrate is an indication of the 
inhibitory activity of die compound, La, inhibition is detected as a decrease in 
phosphorylation as compared to the assay conducted with no inhibitor present GSK3 

25 inhibitory activity delected in a cell-based assay may be due, for example, to inhibition of 
the expression of GSK3 or by inhibition of the kinase activity of GSK3. 

Thus, cell-based assays can also be used to specifically assay for activities that are 
implicated by GSK3 inhibition, such as, for example, inhibition of tan protein 
phosphorylation, potentiation of insulin signaling, and die like. For example, to assess the 

30 capacity of a GSK3 inhibitor to inhibit AlzheimeiVlIke phosphorylation of microtubule- 
associated protein tau, cells may be co~transfected with human GSK3p and human tan 
protein, then incubated with one or more candidate inhibitors. Various mammalian cell 
lines and expression vectors can be used for tins type of assay. For instance, COS cells 
may be transftcted with both a human GSK30 expression plasmid according to die 

35 protocol described in Stambolic ah, 1996, Current Biology 6:1664-68, winch is 
incorporated herein by reference, and an expression plasmid such as pSGS that contains 
human tau protein coding sequence under an early SV40 promoter. See also Goedert et al., 
EMBO 8:393-399 (1989), which is incorporated herein by reference. AlzheimearVlike 
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phosphorylation of tau can be readily detected with a specific antibody such as, for 
example, AT8, which is available from Polymedco Inc. (Cortlandt Manor, New Yoik) after 
x lysing the cells. This assay is described in greater detail in the examples, hereinbelow. 

likewise, the ability of GSK3 inhibitor compounds to potentiate insulin signaling 
5 by activating glycogen synthase can be readily ascertained using a cell-based glycogen 
synthase activity assay. This assay employs cells that respond to insulin stimulation by 
increasing glycogen synthase activity, such as the CHO-HDtC cell line, which 
overexpresses wild-type insulin receptor (-100,000 binding sites/cell). The CHO-MRC 
cell line can be generated as described in Moller et al., /. BioL Ckerru, 265:14979-14985 

10 (1990) and Moller et aL, Mol Endocrinol, 4:1183-1191 (1990), both of which are 
incorporated herein by reference: The assay can be carried out by incubating serum- 
. starved CHOHIRC cells in the presence of various concentrations of compounds of die 
present invention in the medium, followed by cdl lysis at the end of the incubation period 
Glycogen synthase activity can be detected in the lysate as described in Thomas et al., 

15 AnaL Biochem., 25:486-499 (1968). Glycogen synthase activity is computed for each 
sample as a percentage of maximal glycogen synthase activity, as described in Thomas et 
al., supra, and is plotted as a function of candidate GSK3 inhibitor concentration. The 
concentration of candidate GSK3 inhibitor that increased glycogen synthase activity to half 
of its maximal level (Le., the EC50) can be calculated by fitting a four parameter sigmoidal 

20 curve using routine curve fitting methods that are well known to those having ordinary skill 
in the art This is described in more detail in Example 266, hereinbelow. 

GSK3 inhibitors can be readily screened for in vivo activity such as, for example, 
using methods that are well known to those having ordinary skill in the art For example, 
candidate compounds having potential therapeutic activity in the treatment of type 2 

25 diabetes can be readily identified by delecting a capacity to improve glucose tolerance in 
animal models of type 2 diabetes. Specifically, the candidate compound can be dosed 
using any of several routes prior to administration of a glucose bolus in either diabetic mice 
(e.g. KK, db/db, ob/ob) or diabetic rats (e>g. Zucker Fa/Fa or GK). Following 
administration of the candidate compound and glucose, blood samples are removed at 

30 preselected time intervals and evaluated for serum glucose and insulin levels. Improved 
disposal of glucose in the absence of elevated secretion levels of endogenous insulin can be 
considered as insulin sensitization and can be indicative of compound efficacy. A detailed 
description of this assay is provided in the examples, hereinbelow. 

The compounds of the present invention can be used in the form of salts derived 

35 from inorganic or organic acids. These salts include but are not limited to the following: 
acetate, adipate, alginate, citrate, aspartate, b enzoate, benzenesulfanate, bisulfate, butyrate, 
camphorate, camphorsulfonate, digluconate, cyclopentanepropionate, dodecylsulfete, 
ethanesulfbnate, ghicoheptanoate, glycerophosphate, hemtsulfate, heptanoate, hexanoate, 
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famarate, hydrochloride, hydrobromide, hydroiodide, 2-hydroxyethanesulfonate, lactate, 
maleate, metbanesulfonate, mcotinate, 2-napthalenesulfonate, oxalate, pamoate, pectinate, 
sulfate, 3-phenylpropionate, picrate, pivalate, propionate, succinate, tartrate, thiocyanate, 
p-toluenesulfonate and undecanoate. Also, the basic nitrogen-containing groups can be 
S qoatenrized with such agents as lo weralkyl haKdes, such as methyl ethyl, propyl, and butyl 
chloride, bromides, and iodides; dialkyl sulfates like dimethyl, diethyl, dibutyl, and diamyl 
sulfates, long chain hafides such as decyL, lauryl, myristyl and stearyl chlorides, bromides 
and iodides, aralkyl haKdes like benzyl and phenethyl bromides, and others. Water or oil- 
soluble or dispersible products are thereby obtained 

10 Examples of acids which may be employed to form pharmaceutical^ acceptable 

add addition salts include such inorganic adds as hydrochloric add, sulphuric add and 
phosphoric add and such organic adds as oxalic add, maldc add, succinic add and citric 
add. Basic addition salts can be prepared in situ daring the final isolation and purification 
of the compounds of formula (I), or separately by reacting carboxylic add moieties with a 

IS suitable base such as die hydroxide, carbonate or bicarbonate of a pharmaceutical^ 
acceptable metal cation or with ammonia, or an organic primary, secondary or tertiary 
amine. Pharmaceutical^ acceptable salts include, but are not limited to, cations based on 
the alkali and alkaline earth metals, such as sodium, lithium, potassium, calcium, 
magnesium, aluminum salts and die like, as well as nontoxic ammonium, quaternary 

20 flrnrnftw p ff* ^ and amine cations, fachT dmg, but not limited to flynni^^ni^H^ y 
tetram ethyl ammonium, tetraethylammonium, methylamine, dimethylamine, 
trimethylamine, triethylamine, ethylamine, and die like. Other representative organic 
amines useful for the formation of base addition salts include diethylamide, 
ethylenediamine, ethanolamine, diethanolamine, piperazine and the tike. 

25 Compounds of die present invention can be administered in a variety of ways 

including enteral, parenteral and topical routes of administration. For example, suitable 
modes of administration include oral, subcutaneous, transdermal, transmucosal, 
iontophoredc, intravenous, intramuscular, intraperitoneal, intranasal, subdural, rectal, and 
dielike. 

30 hi accordance with other embodiments of die present invention, there is provided a 

composition comprising GSK3-inhibitor compound of the present invention, together with 
a pharmaceutical^ acceptable carrier or exdpient 

Suitable pharmaceutical^ acceptable exdpients include processing agents and drug 
delivery modifiers and enhancers* such as, for example, calcium phosphate, magnesium 

35 stearate, talc, monosaccharides, disaccharides, starch, gelatin, cellulose, methyl cellulose, 
sodium carboxymethyi cellulose, dextrose, hydroxyprop)4-§-cydodextrin, 
polyvinylpynolidinone, low mdting waxes, ion exchange resins, and the like, as well as 
combinations of any two or more thereof Other suitable pharmaceutical^ acceptable 
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excipients are described in "Remington's Pharmaceutical Sciences, 11 Made Pub. Co., New 
Jersey (1991), incorporated herein by reference. 

Pharmaceutical compositions containing GSK-3 inhibitor compounds of the present 
invention may be in any form suitable for the intended method of administration, 
S including, for example, a solution, a suspension, or an emulsion. Liquid carriers are 
typically used in preparing solutions, suspensions, and emulsions. liquid carriers 
contemplated for use in die practice of the present invention include, for example, water, 
saline, pharmaceutical^ acceptable organic solvents), pharmaceutical^ acceptable oils or 
fats, and the like, as well as mixtures of two or more thereof The liquid carrier may 

10 contain other suitable pharmaceutical^ acceptable additives such as sohibilizers, 
emulsifiers, nutrients, buffers, preservatives, suspending agents, thickening agents, 
viscosity regulators, stabilizers, and the like. Suitable organic solvents include, for 
example, monohydric alcohols, such as etbanol, and polyhydric alcohols, such as glycols. 
Suitable oils include, for example, soybean oil, coconut 03, olive oil, safflower oil, 

IS cottonseed oil, and the like. For parenteral administration, die carrier can also be an oily 
ester such as ethyl oleate, isopropyl myristate, and the like. Compositions of the present 
invention may also be in the form of microparticles, microcapsules, liposomal 
encapsulates, and the like, as well as combinations of any two or more thereof 

The compounds of the present invention may be administered orally, parenterally, 

20 subHngually, by inhalation spray, rectally, or topically in dosage unit formulations 
containing conventional nontoxic pharmaceutical^ acceptable carriers, adjuvants, and 
vehicles as desired. Topical administration may also involve the use of transdermal 
administration such as transdenoal patches or ionophoresis devices. The term parenteral as 
used herein includes subcutaneous injections, intravenous, intramuscular, intrasternal 

25 injection, or infusion techniques. 

Injectable preparations, for example; sterile injectable aqueous or oleaginous 
suspensions may be formulated according to the known art using suitable dispersing or 
wetting agents and suspending agents. The sterile injectable preparation may also be a 
sterile injectable solution or suspension in a nontoxic parenterally acceptable diluent or 

30 solvent, far example, as a solution in l^-propanediol. Among the acceptable vehicles and 
solvents that may be employed are water, Ringer's solution, and isotonic sodium chloride 
solution. In addition, sterile, fixed oils are conventionally employed as a solvent or 
suspending medium. For tins purpose, arty bland fixed oil may be employed including 
synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid find use in die 

35 preparation of injectables. 

Suppositories for rectal administration of die drug can be prepared by mixing the 
drug with a suitable nonimtating exripieat such as cocoa butter and polyethylene glycols 
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that are solid at ordinary temperatures but liquid at the rectal temperature and will therefore 
melt in the rectum and release the drug. 

Solid dosage forms for oral administration may include capsules, tablets, pills, 
powders, and granules. In such solid dosage forms, the active compound may be admixed 
with at least one inert diluent such as sucrose lactose or starch. Such dosage forms may 
also comprise, as is normal practice, additional substances other than inert diluents, e.g., 
lubricating agents such as magnesium stearute. In the case of capsules, tablets, and pills, 
the dosage forms may also comprise buffering agents. Tablets and pills can additionally be 
prepared with enteric coatings. 

liquid dosage forms for oral administration may include pharmaceutical^ 
acceptable emulsions, solutions, suspensions, syrups, and elixirs containing inert diluents 
commonly used in the art, such as water. Such compositions may also comprise adjuvants, • 
such as wetting agents, emulsifying and suspending agents, cydodextrins, and sweetening, 
flavoring, and perfuming agents. 

In accordance with yet other embodiments, be present invention provides methods 
for inhibiting GSK3 activity in a human or animal subject, said method comprising 
administering to a subject an amount of a GSK3 inhibitor compound having the structure 
(I), (IV) or (V) (or composition comprising such compound) effective to inhibit GSK3 
activity in the subject Other embodiments provided methods for treating a cell or a GSK3- 
mediated disorder in a human or animal subject, comprising administering to the cell or to 
the human or animal subject an amount of a compound or composition of the invention 
effective to inhibit GSK3 activity in the cell or subject Preferably, die subject will be a 
human or non-human animal subject Inhibition of GSK3 activity includes detectable 
suppression of GSK3 activity either as compared to a control or as compared to expected 
GSK3 activity. 

Effective amounts of the compounds of the invention generally include any amount 
sufficient to detectably inhibit GSK3 activity by any of the assays described herein, by 
other GSK3 kinase activity assays known to those having ordinary skill in die art or by 
detecting an alleviation of symptoms in a subject afflicted with a GSK3-mediated disorder. 

GSK3~mediated disorders that may be treated in accordance with die invention 
include any biological or medical disorder in which GSK3 activity is implicated or in 
which the inhibition of GSK3 potentiates signaling through a pathway that is 
characteristically defective in die disease to be treated The condition or disorder may 
either be caused or characterized by abnormal GSK3 activity. Representative GSK3- 
mediated disorders include, for example, type 2 diabetes, Alzheimer's disease and other 
neurodegenerative disorders, obesity, atherosclerotic cardiovascular disease, essential 
hypertension, polycystic ovary syndrome, syndrome X, ischemia, especially cerebral 
ischemia, traumatic brain injury, bipolar disorder, immunodeficiency, cancer and die like. 
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; Successful treatment of a subject in accordance with the invention may result in the 
inducement of a reduction or alleviation of symptoms in a subject afflicted with a medical 
or biological disorder to, for example, halt die further progression of the disorder, or the 
• prevention of die disorder. Thus, for example, treatment of diabetes can result in a 
5 reduction in glucose or HbAlc levels in the patient Likewise, treatment of Alzheimer's 
disease can result in a reduction in rate of disease progression, detected, for example, by 
measuring a reduction in the rate of increase of dementia. 

Hie amount of active ingredient that may be combined with the carrier materials to 
produce a single dosage form will vary depending upon die host treated and the particular 

10 mode of administration. It will be understood, however, that the specific dose level for any 
particular patient wOl depend upon a variety of factors including the activity of die specific 
compound employed, the age, body weight, general health, sex, diet, time of 
administration, route of administration, rate of excretion, drug combination, and the 
severity of the particular disease undergoing therapy. The therapeutically effective amount 

IS for a given situation can be readily determined by routine experimentation and is within the 
skill and judgment of the ordinary clinician. 

For purposes of the present invention, a therapeutically effective dose wOl generally 
be from about 0.1 mg/kg/day to about 100 mg/kg/day, preferably from about 1 mg/kg/day 
to about 20 mg/kg/day, and most preferably from about 2 mg/kg/day to about 10 

20 mg/kg/day of a GSK3 inhibitor compound of die present invention, which may be 
administered in one or multiple doses. 

The compounds of the present invention can also be administered in the form of 
liposomes. As is known in the art, liposomes are generally derived from phospholipids or 
other lipid substances. liposomes are formed by mono- or multilamellar hydrated liquid 

25 crystals that are dispersed in an aqueous medium. Any non-toxic, physiologically 
acceptable and metabolizable lipid capable of forming liposomes can be used. The present 
compositions in liposome form can contain, in addition to a compound of die present 
invention, stabilizers, preservatives, extipients, and the like. The preferred lipids are the 
phospholipids and phosphatidyl cholines (lecithins), both natural and synthetic. Methods 

30 to form liposomes are known in die art See, for example, Prescott, EtL> Methods in Cell 
Biology, Volume XIV, Academic Press, New York, N.W^p. 33 etseq (1976). 

While the compounds of the invention can be administered as the sole active 
pharmaceutical agent, they can also be used in combination with one or more other agents 
used in die treatment of disorders. Representative agents useful in combination with the 

35 compounds of the invention for the treatment of type 2 diabetes include, for example, 
insulin, troglitazone, rosiglitazone, pioglitazone, glipizide, metformin, sulfonylurea, 
acarbose, and the like. Representative agents useful in combination with die compounds of 
the invention for the treatment of Alzheimer's disease include, for example, donepezil, 
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tacrine and the like. Representative agents useful in combination with the compounds of 
die invention for the treatment of bipolar disease include, for example, lithium salts, 
valproate, caibamazepine and the like. A representative agent useful in combination with 
the compounds of the invention for die treatment of stroke is, for example, tissue 
5 plasminogen activator. 

When additional active agents are used in combination with the compounds of die 
present invention, the additional active agents may generally be employed in therapeutic 
amounts as indicated in the Physicians' Desk Reference (PDR) 53 rd Edition (1999), 
which is incorporated herein by reference, or such therapeutically useful amounts as would 

10 be known to one of ordinary skil] in the art 

The compounds of the invention and the other therapeutically active agents can be 
administered at the recommended maximum clinical dosage or at lower doses. Dosage 
levels of die active compounds in the compositions of die invention may be varied so as to 
obtain a desired therapeutic response depending on the route of administration, severity of 

15 the disease and the response of the patient The combination can be administered as 
separate compositions or as a single dosage form containing both agents. When 
administered as a combination, die therapeutic agents can be formulated as separate 
compositions that are given at die same time or different times, or die therapeutic agents 
can be given as a single composition. 

20 Hie foregoing and other aspects of the invention may be better understood in 

connection with the following representative examples. 

JL 

25 JL 
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EXAMPLES 

Example 1 
Characterization and Purification Methods 
Compounds of die present invention were characterized by high performance liquid 
5 chromatography (HPLC) using a Waters Millennium chromatography system with a 2690 
Separation Module (Milford, Massachusetts). The analytical columns were Alltima C-18 
reversed phase, 4.6 x 250 mm from Alltech (Deerfield, Illinois). A gradient ehition was 
used, typically starting with 5% acetomtrile/95% water and progressing to 100% 
acetonitrile over a period of 40 minutes. All solvents contained 0.1% trifluoroacetic acid 
10 (TFA). Compounds were detected by ultraviolet light (UV) absorption at either 220 or 254 
nm. HPLC solvents were from Burdick and Jackson (Muskegan, MichiganX or Fisher . 
Scientific (Pittsburgh Pennsylvania). In some instances, purity was assessed by thin layer 
chromatography (TLC) using glass- or plastic-backed sQica gel plates, such as, for 
example, Baker-Rex SiUca Gel 1B2-F flexible sheets. TLC results were readily detected 
IS visually under ultraviolet light, or by employing well known iodine vapor and other 
various staining techniques. 

Mass spectrometries analysis was performed on a Fisons VG Electrospray Mass 
Spectrometer. All masses are reported as those of the protonated parent ions. 

Nuclear magnetic resonance (NMR) analysis was performed with a Varian 300 
20 MHz NMR (Palo Alto, California). The spectral reference was either TMS or the known 
chemical shift of the solvent Some compound samples were run at elevated temperatures 
(L& 75°C) to promote increased sample solubility: 

Hie purity of some of the invention compounds was assessed by elemental analysis 
(Desert Analytics, Tucson, Arizona) 
25 Melting points wore determined on a Laboratory Devices Mel-Temp apparatus 

(Holliston, Massachusetts). 

Preparative separations were carried out using either a Flash 40 chromatography 
system -and KP-Sil, 60A (Biotage, Charlottesville, Virginia), a Chromatotron radial 
chromatography device (Harrison Research, Palo Alto, California), or by HPLC using a O 
30 18 reversed phase column. Typical solvents employed were dicbloromethane, methanol, 
ethyl acetate and trierhyl amine. 
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Example 2 

Solid Phase Synthesis of Pyrimidine Compounds 
(Resin Method A) 

. Step At Knoevenagel Condensation 
5 A suspension of benzaldehyde-bound resin (lg, 0.52 mmol) in 8 ml of 1:1 

alcohol:dioxane was treated with 22 mole p-ketoester and 13 mmol an amine, e.g., 
piperidine. The reaction mixture was shaken for 20 hours at room temperature and the 
resin was then filtered and washed with 4 x 1 0 ml dichloromethane (DCM). 

Step B: Cyclization and Oxidation to fee Pyrimidine Nucleus 

10 The product from Step A (100 mg, 0.052 mmol) was combined wife 0.26 mmol of 

the pyrazole carboxamidine hydrochloride and 0.13 mmol NaHCC^ in 1 ml N- 
methylpyrrolidinone. The reaction mixture was shaken at 70°C for 24 hours. Following 
cooling, fee reaction was washed successively wife water, methanol, DMF, methylene 
chloride and ether, then dried Cleavage of a small amount of resin yxMttt&i feat fee 

15 desired dihydropyrimidine was present in high yield. 

The dried resin was then taken up in THF and 1.1 eq. of dicyanodichloroquinone 
(DDQ) was added. The resulting slurry was stirred for 0.5 hours at which time fee resin 
was washed wife DMF, 10% Na 2 HC03, H 2 0, dimefeylfonnamide (DMF), methanol 
(MeOHX methylene chloride and ether, then dried Cleavage of a small amount of this 

20 resin wife trifluoroacetic acid/meihylene chloride indicated fee presence of a pyrimidine in 
higji yield 

StepC: Amine Displacement and Release from fee Solid Support 

A suspension of fee pyrimidine (50 mg, 0.026 mmol) in 0.75 ml NMP was treated 
wife 1 mmol of an amine and 0.26 mmol acetic acid The reaction mixture was shaken at 

25 80°C for 24-48 hours. Following cooling, fee resin was washed 4x each wife methanol, 
DMF, and methylene chloride. The resin was then dried and a solution of 5% 
trifluoroacetic acid in methylene diloride was added The resin was shaken for 2 hours, 
then filtered and washed 3x wife methylene chloride. The combined filtrates were 
concentrated, taken up in 1:1 water/acetomtrile and lyophQized to dryness. 

30 The following compounds of fee present invention woe prepared according- to 

Resin Method A using the ketoester and amine identified in parentheses: 

Ethyl 4^4-carbanroyIpheayl^ 
amino)pyrimidine-5-carboxylate (from ethyl 3-oxo-valerate and 2^2-aminoefeylamino)-5- 
nitropyridine (dehydration of this compound using trifluoracetic anhydride yielded ethyl 4- 

35 (4-cyanophenyl>6-e%l^ 
caiboxylate) 
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Ethyl 

pyridyl)pyrimidine-5-carboxylate (from ethyl 3<4-pyridyl>3-oxopiopionate and 2-(2- 
aminoethy!amino)-5-nitropyridine) 

Ethyl 4K4-aubamoylphe^)-2^^ 
5 nitrophenyl)pyrimidine-5-Kaiboxyiate (firom ethyl 3^4^trophenyi)-3-oxopioprionate and 
2^2-aminoeAylamino)-5-nitn)pyridine) 

Example 3 . 
Solid Phase Synthesis of Pyrimidinc Compounds: 
(Resin Method B) 

10 Step 1: Sasrin resin (Bachem Biosciences, 5.0 g, nominal substitution 1.02 

mmol/g) was shaken with triphenylphosphine dfrnmride (2.3 g) in dry dichlozomethane 
(60-70 ml) for 4 hours at room temperature. All solvents and glassware used, to cany out 
this reaction were dry. The resin was washed well with dichloromethane. 

Step 2: The resin from Step 1 was then reacted with a primary amine (0.5-1 M) in 
. 15 1-methylpyrrolidone (NMP) at 70-80°C for 3-5 hours to produce an aminomethyl resin, 
which was used immediately after preparation. The resin was then thoroughly washed 
with dimethyisulfoxide (DMSO) (or DMF) and dichloromethane, thai dried in vacuo at 
room temperature. 

Step 3: After drying, the resin was coupled overnight with 4-acetyIbenzoic add 
20 using benzotriazole4~ytaxy4ris-py^ hexafluorophosphate (PyBop®, 

which is available from Novabiochem, San Diego, California), 4-methylmorpholine and 
NMP in accordance with the method described in Example 10 (Le., "Resin Method C B ) 
(except that cleavage of the product from the resin was carried out under more strongly 
acidic conditions, i.e., typically 20-100% trifluoroacetic add (TFA) in DCM (eg., 60% 
25 TFA in DCM)). 

Other types of resin having a pendant CH 2 OH group can also be used in carrying 
out this method such as, for example, Wang resin (Novabiochem, San Diego, California). 
It is also possible to load the primary amine onto a solid support by other methods such as, 
for example, reductive animation of a solid support" containing an aldehyde. 
30 Examples 4-9 describe the synthesis of compounds of the present invention 

pursuant to Resin Method B. 

Example 4 
Synthesis of N-Jft-bromophenvnm^ 
PYridyQaminohOTpyl)ammo)py 
35 Stepl: A solution of 2-chloro-5^ritropyridine (3.16 g, 20 mmol) in dry acetonitrile 

(40 ml) was added drppwise to a solution of 13-<haminopropane (5.0 ml) in acetonitrile 
(20 ml) at room temperature. After 7.5 hour, a yellow solid precipitated in die reaction 
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. mixture. The solvent was removed in vacuo and the residue was partitioned between 2.5 
M aqueous sodium hydroxide and dichloromethane. The layers woe separated and the 
aqueous portion was extracted 3x with dichloromethane. The combined organic layers 
. were back-extracted with a saturated sodium chloride solution, then dried and concentrated 
5 in vacuo using a Buchi rotary evaporator Model R-124 to give (3-aminopiopylX5-nitro(2- 
pyridyl))amine as a yellow solid (2,55 g). The amine (1.14 & 6 mmol) was shaken with 
benzotriazole carboxamidinium 4-methyIbenzenesulfonate (2.0 g, 6 mmol) and 
diisopropylethyl amine (DIEA) (1.05 ml, 6 mmol) in acetonitrile (10 ml) at room 
temperature over two days. Dilution with ether gave the amino- {3-[(5-nitro(2- 

10 pyridyl))amino]propyi} carboxamidinjum 4-methylbenzenesulfonaie as a solid. 

Step 2: Sasrin resin (10 g) was shaken with triphenylphosphine dihromide (4.5 g) 
in dry dichloromethane (ca. 80 ml) at room temperature for 4 hours. The resin was washed 
well with dichloromethane and air-dried briefly. The air-dried resin was divided into 6 
equal portions. One portion was heated at 70°C for 4 hours with a solution of 3- 

15 hromobenzylamine (8 mmol) in NMP (12 ml). The resin was washed well with DMF and 
dichloromethane and dried overnight in vacuo at room temperature. The dried resin was 
then shaken with a solution of PyBop® (3.12 g, 6 mmol), 4-acetyIbenzoic acid (1.0 g, 6 
mmol), and 4-methyimoipholine (12 mmol) in NMP (12 ml) at -room temperature 
overnight The resin was washed with DMF, DMSO and dichloromethane and briefly air- 

20 dried. The resin was then heated with N^N-dimethylfbrmamide dimethylacetal (10 ml) at 
95°C for 9 hours. After cooling, the resin was washed with dichloromethane and dried in 
vacuo at room temperature. The resin (80 mg) was then reacted with. 100 mg of the 
guamdine prepare d in Step 1 plus cesium carbonate (160 mg) with NMP (2 ml) at 95°C 
overnight, followed by cleavage with 60% TFA in dichloromethane to give N~{(3~ 

25 bromophenyl)methyi] {4-[2-( {3-[(5n3itro(2-p^dyl)ainino]propyl}amii^ 
yl]ph£aiyl}carboxamide. 

HPLC: 2531 min (98% pure); MS: MH*= 562/564 (1 Br); C^H^BrCb = 561/563 
g/mol 

Examples 

30 Synthesis ofN4(3-hnmiophenynme^^ 

pyridyDaminolethyl) amino)pyrimidin-4-yl7phqiyl) caiboxamide 
Step 1: 6-ChloronicotinitriIe (2.0 g) was treated with ethylenediamine (5 ml). The 
mixture was then heated at 50°C for 22 hours. Excess ethylenediamine was removed by 
rotary evaporation. The residue was partitioned between 2.5 M aqueous sodium hydroxide 
35 and dichloromethane. The aqueous layer was extracted 4x more with dichloromethane^ 
The combined organic layers were washed with a saturated sodium chloride solution, dried 
and then concentrated in vacuo to give 6-[(2-aminoethyl)amino]pyridine-3-carbomtrile as 
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an amber liquid which solidified upon standing. The amine (0.97 g, 6 mmol) was shaken 
overnight with benzotriazole carboxamidimum 4-methyIbenzenesulfonate (2.0 g, 6 mmol) 
and DflSA (LOS ml, 6 mmol) in acetonitrile (10 ml). Addition of ether gave amino {2-[(5- 
cyano(2-pyridyl)amino]ethyl} carboxamidinixnn 4-methyibenzoiesulfonate as a white 
5 solid. 

Step 2: The guanidine ftom Step 1 (120 mg) was reacted with the resin prepared as 
in Example 4, Step 2 (80 mg) in the presence of cesium carbonate (160 mg) in NMP (2 ml) 
at 90°C overnight Treatment of the resin with 60% TFA in dichloromethane gave the title 
compound 
10 HPLC: 23.70 min (98% purity) 

MS: MH*= 528/530 (1 Br) C^HatyBrO 5 527/529 g/mole 

Example 6 
Synthesis of N4(3-methoxvphe^ 
•PVridyl))amino1^\^|amino)pvrimi 
15 Step 1: 2^2-aminoethylarmiK))-5Hdtropyridine (Aldrich Chemical Co., 

Milwaukee, Wisconsin) (1.08 g, 6 mol) was shaken with benzotriazole caiboxamidinium 
4-methylbenzenesulfonate (2.0 gm, 6 mmol) and DIEA (1.05 ml, 6 mmol) in a mixture of 
acetonitrile (10 ml) and DMP ( 3 ml) at room temperature overnight Addition of ether 
gave amino[24(5-nitit)(2-pyrid)d)amino]^yl} carboxamidinium 4-methyIbenzene- 
20 sulfonate as light orange crystals. 

Step 2: The Sasrin resin was prepared as described in Step 2 of Example 3. The 
resin (500 mg) was heated with a solution of 3-methoxybenzyiamine (600 pi) in NMP (6 
ml) at 70°C for 4 hours. The resin was then washed with DMF and dichloromethane and 
then shaken wife a solution of PyBop* (1.04 g, 2 mmol), 4-acetyIbenzoic acid (0.33 g, 2 
25 mmol), 4-methyhnorpholine (4 mmol) in NMP (6 ml) at room temperature ovemigjht A 
small aliquot of the resin was treated with 20% TFA in dichloromethane to give the 
intermediate, (4-acetylph^yl>N-[(3^ethoxypheayl)m^yl]caiboxamide (HPLC: 23.94 
min (97%); MS; MH*= 284 (as required)). Hie resin was thai heated at 95°C for 7 hours 
in DMFDMA (5 ml). 

30 After heating, the resin was washed with dichloromethane, then. dried in vacuo. 

Dried resin (120 mg) was reacted with 120 mg of the guanidine prepared in Step 1 plus 

cesium carbonate (160 mg) inNMP (2 ml) overnight at 90°C. Cleavage with 20% TFA in 

dichloromethane gave die title compound. 

HPLC: 22.32 min (85% pure) 
35 MS:MH f =500 C26H25N7O4 « 499 g/mole 
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Example 7 
Synthesis of4^2-{r3^4-mtroinridazolyl) 

Step 1: 4-Nitroimidazole (5.0 g, 44 mol) in DMF.THF (1:1 (v/v), 40 ml) was 
treated at room temperature with 60% NaH (22 g). When hydrogen evolution had ceased, 
S 34>romc^pylphrhalmride (11/79 g, 44 mmol) was added, followed by heating at 70°C 
overnight The mixture was cooled, diluted with dichloromethane and carefully quenched 
with water. At this point the solid product precipitated out to give 2-[3-<4~ 
nitroimida2X)lyl)propyl]isoindoline-l 3-dione as a white solid, 8.85 g. The solid was 
tefluxed with methanol (60 ml) and anhydrous hydrazine (4 ml) overnight The mixture 

10 was cooled to 4°C, then filtered. The filtrate was concentrated to dryness, then partitioned 
between dichloromethane and 2.5 M aqueous sodium hydroxide. The organic layer was 
washed with saturated sodium chloride solution, dried and concentrated in vacuo to give 3- 
(4-nitroinridazolyl)propylamine as an orange syrup, 224 g. The amine, 1.18 g was treated 
. with benzot ri azole carboxamidinium 4-meQiylben2eaesulfonate (22 g) and DBBA (13 ml) 

15 in acetoiritrile (8 ml) with shaking at room temperature overnight Addition of ether gave 
amino[3^4-mtroinridazoIyl 4-methyIbenzenesulfonate as a beige 

solid. 

Step 2: The Sasrin resin (prepared according to Example 3, Step 2) (2.5 g) was 
heated at 80°C with 4-hydroxyacetophenone (700 mg) and cesium carbonate (600 mg) in 

20 NMP (10 ml) for 24 hours. The resin was then washed with DMF, water, DMF and 
dichloromethane and dried in vacuo. The dried resin was then heated overnight with 
DMFDMA (10 ml) at 105°C The resin was cooled, filtered and washed well with 
dichloromethane and dried in vacuo. The dried resin (100 mg) was then treated with 100 
mg of the guanidine prepared in Step 1, 200 mg of cesium carbonate and 3 ml of NMP at 

25 105°C for 66 h. The resin was washed with DMSO, acetic add, water, DMSO and 
(Hchloromethane, then shaken with 100% TFA for 1 h, and filtered. The filtrate was 
- concentrated in vacuo and lyophilized to give die title compound 
HPLC: 16.85 min (75% purity) 
MS: MH^ 341 MieN^Cb - 340 g/mol 

30 Example 8 

Synthesis of 4J2 = (f2 I [(5 = ni^ 

yflphenol 

Bromomethyl sasrin resin (prepared according to Example 3, Step 2), 0.9 g, was 
heated with benzyl 4-hydroxyphenyl ketone (1.06 g, 5 mmol) and cesium carbonate (1 .6 g) 
35 in NMP (8 ml) at 80°C overnight The resin was washed serially with DMF, water, DMF 
and dichloromethane and dried in vacuo. The dried resin was heated with DMFDMA (8 
ml) at 100°C overnight After cooling the resin was filtered and washed well with 
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dichloromethane, then dried in vacuo. The resin (75 mg) was thai reacted with 100 mg of 
amino {2-[(5-mtro(2-pyridyl))amino]ethyl} carboxamidinium 4-methyibenzenesulfonate 
and 200 mg of cesium carbonate in NMP (2 ml) at 104°C for 64 hours. The resin was then 
washed with DMSO, acetic add, water, DMSO and didiloromethane. The resin was 
5 shaken with 100% TFA at room temperature (1 h). The resin was filtered and the filtrate 
concentrated in vacuo, then lyophilized to give the title compound 
. HPLC: 22-53 min (95% purity) . 

MS:MH*=429 C^^Ch^AH g/mol 

Example 9 

10 Synthesis of r(3-BKmK>phepylta 

pyridyfflaminolethyn 
Stepl: Sasrin resin (500 mg) substituted with m-bn>mobenzylamine (according to 
Step 1 of Example 3) was treated with 4-acefyIbeazenesulfonyi chloride (1.1 g, 5 mmol) 
and DIEA (1.22 ml, 7 mmol) in dichloromethane (10 ml) with shaking at room temperature 
15 for 0.5 hours. Then 4-dimethylaminopyridine (122 mg, 1 mmol) was added, followed by 
shaking overnight at room temperature. The resin was washed well with DMF and 
dichloromethane, then heated with DMFDMA (10 mL) at 95°C overnight The resin was 
washed well with dichloromethane and dried in vacuo at room temperature. 

Step 2: The resin prepared in Step 1 (70 mg) was treated with amino[2-[(5-nitn>(2- 
20 pyridyl)amino]ethyl } carboxamidinium 4-methyIbenzenesulfonate (100 mg) and cesium 
carbonate (160 mg) in NMP 2 ml) at 95°C overnight The resin was serially washed with 
DMSO, acetic add, water, DMSO, dichloromethane and then treated with 60% TFA in 
" dichloromethane at room temperature for 03 hours. The resin was filtered off and foe 
filtrate was concentrated in vacuo and lyophilized to give the tide compound. 
25 HPLC: 26.62 min (100% purity) 

MS: MH* = 584/586 C24H22N7B1O4S = 583/585 g/mol (1 Br) 
The following additional compounds were similarly synthesized according to Resin 
Method B by varying the guanidine used: 

4^-{[2^4-mtrophenyi)ethyl] 

30 4-{2^(2<2-pyridyl)e*hyl)amm^ 

4-{2-[(4-pyn(fylme&yi)am 

4^2<{2HX5-mtro-2-pyridyl)ann^ 

4^-{[2^yrimidin-2-yiamino)e&^ 

4-{2-[(3-imidazol-5-yle&yl)a^ 
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4^2-{[2-{benzothiazol-2-ylan^ 

4-{2-[(2-{[5<trifluorom^ 

4^2^{2^(5^aiu>-2-pyridyi)amm 

4-{2-[(2-{[5^amiiK>th^ 
5 yljbenzamide 

4^2-{[(3-bnmiophenyl)m^^ 

4^^{[4^4-fhiorophenyl)p^^ 

4-{2-[4^eaizyIpiperazinyl]^^ 

4^2-{[(5nmeihylpyrazii**2-^^ 

10 4-{2-[(3-ixnidazolylpro^^ 

4-{2^(2£^phenyleihyl)an^ 

4-[2^{[3^trifhionmef^ 

4^2-{[(3-mtroplie^ 

4- {2-[(naphthylmethyl)amino]pyrimidin^ 
IS 4^-{[(44m>mopheayl)^ 

4^2-{[(3>4ich]oK)phenyl)methyi]amino}py^ 

4-(2- {[(3nn^oxyphmyl)me 

442^{[3^3-methoxyph^ 

4^2^{[3<3-amiiK>phenyl)phenyllmdhy 
20 4-{2-[({3-[3<acetylami^ 

4^^{[4^3-amim^heayl^^ 

4^2-{[(3KMorophenyi)me^ 

4^2-{[(2/Wichlcrophenyl^ 

4-{2- {[(3^ethylphenyl)met^^ 
25 4^-{[(3,4-dimefiiox^ 

^[2^{[4^trifliion>inefliyl)phQiyi]nieaiyI} amino)pyrimidiiy4-yl]benzaniide 

4^2-{[(4-methoxyphenyl)m^^ 
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4^2-{[(4-aminophenyi)^ 

4^2^{[3,5^"s(triihronOT^ 

4-{244^2-methoxyphmyl)p^ 

4-{2-[({3-[3^trifluoiom^ 

5 4^-{[2^3-methoxyphenyl)^yl]amino}pyriimd^ 

4^-{[2<4-fhicm>phenyl)ethyl] 

4^2-{[(3/*^-trimethoxyphenyl^ 

{442^{2-[(4-amiiu>-SK7aiiopyiiiiddm- 

N4(3-biomophe^l)methyl]caiboxaniide 

10 4-[2^{2^(4-amino-5-cyano^ 

4-[2^{34(5-nitro-2-pyridyI)a^ 

4^2-{[(4-cyanophenyl)mefr^ 

4-{2-[(2^heny]pn>pyl)az^^ 

4- {2-[(2^heroxyethyl)aiira^ 
IS 4-{2- { [2^2^-dimethoxypheaiyl)ethyl]amino } pyriiiiidin-4-yl)beQzainide 

4-{2- { [(2,6-dimethoxyphenyl)me&yl]ainino} pyrimii 

4<2-{[2<2-methoxypheayI)eto^^ 

4- {2^(4-pbenyIbutyi)amino]pyriimdm-4-yJ }benzamide 

4-{2HX2<2H-beozo[3A<fll>^ 
20 4-{2- { [2^3^orophenyi)etbyl] amiiK) }pyrimidin^yl)benzamide 

4^2-{[2^23-dimethoxypheny^ 

4-{2HX3-phenoxypropyl)ai^ 

4-(2- { [3^4-<±lorophenoxy)propyl]amino}pyrim 

4^2-{[3^4-me*hoxyphera>xy)prop^^ 
25 4^-{[3^3-mefiK>xypheiio^ 

4^-{[3^3-bromophenoxy)pro^ 

4^2-{[3^2/Wichlon>pheDOxy)pi^ 
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4^2-({3-[3<trifIuoromethy^ 
4-(2-{[3-(3-methylphenoxy)propyl]an^^ 
4-(2-{[3^4-phenylimidazolyl)propy^^ 
4^2-{[3^5,6-di(WorobenzimidazoIyI)^^ 
5 4^2-{[3^3,4^chlorophenoxy)propyl]amm^ 
4-{2-{[3-(5,6-dimethyIben2iiin 
4-{2-{(3^6-cpiinolyloxy)propyl)an^ 
4-{2^(3-naphthyloxypiopyi)amm^^ 
4-(2-{[3-(3^henylphenoxy)pibpyI]aD^ 
10 4^2-{[3^4-nitroimidazolyl)^ 

4^2-{[3^4><fccMoroimidazDlyl)propy^ 
4- {2-[(3-barzmudazol)4propyi)amiTO 
4-[2-({3-[4^2,4^cldorophenyl)^ 

4-[2-( {3-[4^3-me^xyphrayl)imidazol3d]piopyl} amino)pyrimidin^yl]benzamide 

15 Example 10 

Solid Phase Synthesis of Pyridine Compounds 
(Resin Method Q 

Rink amide resin. (Novabiocheaoo, San Diego, CA, nominally 0.46 mmol/g 
substitution) was deprotected with 20% v/v piperidine in DMF (ca 60 ml, 0.5 hours, room 

20 temperature). The resin was washed thoroughly with DMF and dichloromethane, then 
treated with 4-acetyIbenzoic add (8 mmol), PyBOP® (8 mmol, Novabiochem), 4- 
raethylmorpholine (12 mmol) and NMP (50 ml) for 8.5hours at room temperature on a 
wrist shaker. The resin was washed with DMF and dichloromethane, air dried, and then 
divided into 3 portions. Each portion was treated with N,N-dimethylformamide dimethyl 

25 acetal (ca. 12 ml) with heating at 105°C overnight (ca. 13 hours). The reactions were 
allowed to cool and the resin was washed with dichloromethane, then dried in vacuo at . 
room temperature. 

For the synthesis of pyrimidines, typically 100 mg of the above dried resin was 
mixed with 200*300 mg of anhydrous cesium carbonate, 80-200 mg (most usually 1 00 mg) 
30 of the appropriate guanidme as its tosylate salt and 2-3 ml of NMP. This mixture was 
heated at 90- 105°C for at least 12 hours.. In many cases the reactions were allowed to 
proceed for about 65 hours at this temperature. The resin was cooled, filtered and washed 
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with DMSO, glacial acetic acid, water, DMSO and finally dichloromethane. The product 
was removed by treatment of the resin with 95:5 v/v cfichloromethane/EFA for 0.5-1 hours 
at room temperature. The resin was then filtered, washed with dichloromethane and die 
filtrates were concentrated on a rotary evaporator. An aliquot was withdrawn for HPLC 
5 analysis and die rest of the sample was lyophilized twice from a 1:1 acetonitriJerwater 
solvent mixture, which usually gave the pyrimidine as a fluffy solid. 

Examples 11-16 describe die synthesis of compounds of die present invention 
pursuant to Resin Method C. 

Example 11 

10 Synthesis of 4^2-(f2^2-pyri(h4ainmo)ethvn 

2^2-Aminoethylamino)pyridine (prepared from 2-chloropyridine and 
ethylenediamine in accordance with die method described in T. Mega et aL, 1988, Bull 
Ghem. Soc. Japan 61:4315, which is incorporated herein by reference) (6 mmol) was 
treated with benzotriazole caiboxamidinium 4-mediyIbenzenesuIfonatesuIfonate (2.0 g, 6 
. 15 mmol) and DIEA (1.05 ml, 6 mmol) in anhydrous acetonitrile (10 ml) for 65 hours. Ether 
(ca. 10 ml) was then added to this mixture. After 8 hours the white solid amino[2-(2- 
pyridylamino)ethyl]caiboxanndinium 4-me%Ibenzenesulfonate was filtered off and dried 
in vacuo. The resulting guanidine (200 mg) was reacted with 100 mg of resin (21 hours, 
90°Q according to the method described in Example 10 (Resin method C) 9 to give the title 

20 compound. 

HPLC: 11.20 min (97% pure) 

MS: MH*=335 CgHuW) = 334 g/mol 

Example 12 

Synthesis of 442-{f242KminoMamino)edivl1ainino>' 

25 pyrimidin-4-vflbenzamide 

. 2-Chloroqirinoline (7.0 g) was heated at 120°C under argon with ethylenediamine 
(50 ml) for 6 hours. The excess ethylenediamine was removed by rotary evaporation (oil 
pump). The residue was taken up in 2.5 M aqueous sodium hydroxide and extracted 6 
times with dichloromethane. The combined organic layers were washed with a small 

30 portion of saturated aqueous NaQ, dried over NajSCU and concentrated in vacuo. A 
portion of die viscous product, 0.55 g (3 mmol) was treated with benzotriazole 
caiboxamidinium 4-methyIbenzenesulfonate (1.0 g, 3 mmol), DIEA (0.78 ml, 4.5 mmol) 
and acetonitrile (8 ml) with shaking at room temperature overnight Precipitation with 
ether gave amino(>{2-<iuinolyiamino^ 4-metiiyIbenzenesulfbnate. 

35 The resulting guanidine (200 mg) was rea c ted (21 hours, 90°C) with 100 mg of resin 
according to die method described in Example 10 (ie^ Resin method C) to give the title 
compound. 
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HPLC: 12.04 min (95% pure) 

MS: MHfc 385 CaHioNeCN 384 g/mol 

Example 13 

Synthesis of 4-f2-(|2»r6-m€&oxy-2-pvridvl)aininoV 
S ethyl} mMP0)Bgfflgj^^3dfeg^^g 

2-<3iloro--6-methoxypyridine (5.0 g). was heated with ethylenediamine (30 ml) at 
120°C overnight The excess ethylenediamine was removed by rotary evaporation. The 
residue was dissolved in a small volume of 25 M aqueous sodium hydroxide and extracted 
thoroughly with dichloromethane. Hie combined organic layers were washed with 
10 sat ura ted aqueous sodium chloride, dried over sodium sulfate and concentrated in vacuo to 
give (2-aminoethylX6-me&oxy(2^yridyI)amine as an orange syrup. Hie amine (2.58 g) 
was treated with benzotriazole caxboxamidinhim 4-mdhylbenzenesulfonate (0.86 g) and 
DIEA (0.45 mmol) in acetonitrile (6 ml) and stirred overnight at room temperature. 
Trituration with ether gave the guanidine, amino- {2-[(6Hmethoxy(2-pyrid)d))ainino]etfayl} 
15 caiboxamidmium 4~methylbenzenesulfbnate > as an oil. The oily guanidine (200 mg) was 
reacted with 100 mg of resin according to Resin Method C (90°C, overnight) to give the 
title compound. 

HPLC: 1 1.84 min (85% purity) 

MS: Mf= 365 CjjJJ^Q^ 364 g/mol 

20 Example 14 

Synthesis of 4-(24f3-Benrimida7olyiprop>f)aminoV 
pynmidin^yi>beP2amide 
Benzmridazole (2.4 g, 20. mmol) in dry THF (40 ml) was treated at room 
temperature with 60% NaH in oil (0.96 g). After hydrogen evolution ceased, 3- 

25 bromopropylphihalimide (5.36 g, 20 mmol) was added and the mixture heated at 80°C 
overnight The reaction was cooled, diluted with (Hchloromethane and water and then 
extracted twice with 5% aqueous potassium carbonate solution. The organic layer was 
dried over sodium sulfate and concentrated in vacuo to give a beige solid, 4.1 g. The solid 
was dissolved in methanol (60 ml) and treated with anhydrous hydrazine (4.0 ml), 

30 followed by refluxing for 4 hours. The mixture was then cooled to 4°C for several hours, 
then filtered The filtrate was concentrated in vacuo. The residue was partitioned between 
dichloromethane and 2.5 M aqueous sodium hydroxide. The organic layer was washed 
with saturated sodium chloride solution, dried over sodium sulfate and concentrated in 
vacuo to give 3-benzamidazolylpropyl amine as a pale pink oil, 1.1 g. Tins amine (1.03 g, 

35 6 mmol) was reacted with benzotriazole caiboxamidinium 4-methyfoenzenesulfbnate (2.0. 
g, 6 mmol) and DIEA (139 ml) in acetonitrile (8 ml) overnight at room temperature to 
give amino(3-baizimidazolylpn?pyl)caiboxmTii(tini^ 4-methylbenzenesulfonate which 
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was obtained as a beige solid after repealed trituration with ether. The guanidine (100 mg) 
was reacted ) (65 hours, 105°C) with 100 mg of resin in accordance with the method 
described in Example 1 0 (Le., Resin Method C) to give the title compound 
HPLC: 12.12 min (95% purity) 
5 MS:MH*=373 C^HaWN 372 gAnol 

Example 15 

Syndesis of 4- { 2-f(3^2-napthyloxy)propy0aminoT- 
pyrimidin^vflbenzamide 
2-Naphthol (2.9 g, 20 mmol) in dry THF (40 ml) was treated with 60% NaH 

10 suspension (0.96 g) at room temperature. After hydrogen evolution ceased, 3- 
bromopropylphthalirrride (536 g, 20 mmol) was added and die mixture was heated at 80°C 
overnight The reaction was cooled, diluted with ethyl acetate and water. The layers were 
separated and die aqueous layer extracted 3 times with ethyl acetate. The combined 
organic layers were then extracted 5 times with 5% aqueous potassium carbonate; dried 

15 over sodium sulfate and concentrated in vacuo. The erode product (observed as a single 
spot by TLC) was taken up in methanol (60 ml), treated with anhydrous hydrazine (4 ml) 
and refluxed for 3.5 hours; The mixture was cooled to 4°C for several hours, then filtered. 
The filtrate was concentrated to dryness, thai partitioned between dichloromethane and 2.5 
M aqueous sodium hydroxide: The organic layer was washed with saturated sodium 

20 chloride solution, dried and concentrated in vacuo to give 3-(2-naphthyloxy)propyl amine 
as a beige solid, 1.14 g. The amine (1.14 g, 5.7 mmol) was treated with benzotriazole 
caiboxamidinium 4-methyIbenzenesulfbnate (1.89 g, 5.7 mmol) and DIEA (1.39 ml) in a 
mixture of acetonitrile (8 ml) and DMF (2 ml) with shaking at room temperature overnight 
Precipitation with ether gave amino(3^2-nflphthyloxy)propyl)caiiK>x^idiTit^ 4- 

25 methylbenzenesulfbnate as a white crystalline solid. This guanidine (100 mg) was reacted 
(65 hours, 105°C) with resin (100 mg) in accordance with die method described in 
Example 10 (Le., Resin Method C) to give the title compound 
HPLC: 22.52 min (95% purity) 
MS: MH+- 399 (^JWC^ 398 g/inol 

30 Example 16 

Synthesis of N-( 1 H^amoyl-2-phenvlethylX4- (2- ((2-<2-pvridvi)ethynaminoV 

pyrimidin-4-yl|rfienyl)carboxamide 
This Example provides a variation of Resin Method C in which the pyrimidine is 
linked to an a-amino acid residue. 

35 Step 1: Rink anride resin (1 5 g) was deprotected with 20% piperidine in DMF (1 x 

03 hours). The resin was washed well with DMF and then treated with FMOC (L)- 
phenylalanine (5.0 mmol), 1-hydroxybenzotriazole (5.0 mmol) and 
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diisopropylttibodiimide (5.0 mmol) in DMF (10 ml) with shaking at room temperature for 
2 hours. The resin was washed with DMF and then treated with 20% piperidine in DMF (1 
x 30 min). The resin was washed well with DMF and then treated with PyBOP* (5 mmol), 
4-methylmorpholine (8 mmol) and 4-acetylbenzoic add (5 mmol) in NMP (10 ml). After 
5 5 hours at room temperature, a negative ninhydrin test indicated completion of the 
reaction. The resin was washed with DMF and dichloromethane, air-dried and then heated 
with DMFDMA at U0°C overnight The resin was then washed well with 
dichloromethane and dried in vacuo at room temperature. 

Step 2: The resin prepared in Step 1 (150 mg) was treated with amino(2~(2- 
10 pyridyi)^hyl)caihoxamidinium 4-methyIbenzenesulfonate (200 mg) and cesium carbonate 
(160 mg) in NMP (2 ml) at 85°C overnight The resin was washed with DMF and 
dichloromethane and thai treated with 5% TFA in dichloromethane. The resin was filtered 
off and the filtrate concentrated and ly ophflized to give the title compound 

HPLC: 15.08 min (95% purity) 
15 MS:MH f -467 C^B^Cb^^g/mol 

The following additional compounds were analogously synthesized according to 
Resin Method C by varying die guanidine used: 

N-benzyl(4-{2-[(2^2-pyrid 

benzyi{[4^2-{[2^2^yrid>1amino)ethyl] 

20 {4-[2-({2-[(5-mto(2-^^ 
benzylcaiboxamide 

{4-[2-({2-[(6-amino-5^tio^ 
benzylcarboxamide 

N-[(4-fluorophenyl)methyl]{4~^ 
25 4-yl]phenyl}carboxamide 

N-[(3-bromophenyl)m^hyl] {442^{24(5-nitro(2-pyridyl))amino]ethyl}amim 
4-yl]phenyl}caiix>xamide 

N-(2-methoxyethyl){^^ 

yl]phenyl}carboxamide 

30 N-(naphthyimethyI){4-^ 

yljphenyl} carboxamide 

{4-[2-({2-[(5-mta^ 

(trifluoromethyl)phemyllmefliyl}carboxamide 

{442K{2-[(5-mtro(2^yridyl))aininole^ 
35 phenylefliyl)caiboxamide 
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N-[(4^e&oxyph^ 

pyndyl))amino]e&yl}am^ 

. N4(3-mcthoxyphcnyl)metM]{4-[2< 

pyridyl))amino]e%l}amino)py^^ 

5 {4-[2-{ {2^(5-rutro(2-pyridjd))aminoJrfhyl} amiiK))p>ncinudin-4-yl]ph€atyl} -N-(oxolai>-2- 
ylme$hyl)carboxamide 

N^(5^e&ylpyrazi^ 

pyridyl))amino]ethyl}amino^^ 

N-<2£-diiAenyl^ 
10 yl]phenyl} carboxamide 

{4H7<{24(5nmtro(2^ 

. piperidylmethyl)carboxamide 

N-p-^^ciil^^^ 

pyridyl))amiiK>]ethyl}amm^ • 

15 {4-[2^{2HX5Hiitro^^ 

pyridylmethyl)carboxamide 

NK3-imida^ 

yl]phe&yi}carboxamide 

j^2<{2-[(5HMtio(2^ 
20 thienylmethyl)caiboxamide 

. {4-[2K{2-[(5HnitK>(2-^ 

iiitropheayl)melhyl]carboxainide 

N^(3^e%lphenyl)ii^ 

4-yl]phenyl} carboxamide 

25 {4^2-({24(5-mtio(2-^ 

sulfemoylphm^)niethyl]caiboxainide 

{4^2-({2HX6-amiiio-5-i^^ 

brumopherryl)methyl] carboxamide 

N4(3,5^(Man>ph^ 
30 pyridyl))amiiK)]^hyl} amino)pyrinudin-4-yl]phaiyl} carboxamide 

N-K3,4^ftooroph^ 

pyridyi))amino]e4hyl} amiiK))pyruiudiih4-yl]phaiyl} carboxamide 

N-[(44xromophenyl)me&yl] {4-[2^{2^(5niitroC2-pyridyl))aimDo]ethyl} aiiiim)pyrimidiDh 
4-jd]phenyl}carboxanride 



WO 02/20495 -S3- PCT/US01/42081 



lH(23^efcoxyphen^^ 

pyridyl))ammo]ethyl}aii^ 

N-[(3-fluorophenyl)mrfhyl] {4-[2-{ {2-[(5-nitn)(2*pyridyl))amino]ethyl } amino)pyrimidin- 
4-yl]phenyl}carboxamide 

5 N-[(34m>nK>phea^^ 

pyrid^))amino]e%l}amino^ 

[4-{2- { [(3-bromophenyl)meth^ 

methy]phoiyl)me^yi]cfflix)xamide 

N-[(3*bromopheayl)mediy^ 
10 4-yl]pheayl}caiboxamide 

4^2- {[(3- {H(mediyiam^ 
yl)benzamide 

N~[(34>iomophenyl)me&^ 

y]}phenyl)caiboxamide 

15 N^(34m)ni0pheny^^ 

yl)phenyl]carboxamide 

N-[(3-bromophenyl)me&yl]{4^ 
yl]phenyl}carboxamide 

N^(3*iomophaiyi^e&^^ 
20 pyridyl)]amino} eifyl)amino]pyrinridm-4-yl }phenyl)caiboxanride 

>H(3^romophenyl)methyl][4^ 

yl)phenyl]cart>oxamide . 

N^(3-^ix>phenylfa^ 

4-ylJphenyl}caiboxamide 

25 N^(3,4^efcoxyphe^^^ 

pyridyl))amino]ethyl} amino)pyrimidin-4-yl]pheayl} carboxamide 

N-[(3,4^cfal0rc^ 

pyridyl))amino]ethyi} amino)pyrinudiiH^yl]phmyi} carboxamide 

[(34>romophenyl)nKAyl]( {4-[2-( {2-[(5^tro(2-pyridyI))amino]efliyl} ainino)pyrimidiit4- 
30 yl]phenyl}sdfonyi)amine 

N-[(3-iodophenyl)me%l] {4-[2^{2-[(5^tro(2-p^^ 
yi]pheoylj carboxamide 

[4-{2- {[2^2^-dimethoxyphenyl^ 

bromophe3ayl)me&yl]carboxainide 
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N-[(3-bromophenyl)methy^ 
yl)phenyi]carboxamide 

{4-[2^{2-[(5-nitro(2-^ 

phenyl<yclopropyl)carboxamide 

5 3^2-({2-[(5-nitro~2-pyridyl)amin^^ 

4-[2-({2-[(5-xiitm-2-pyridyl)amino]efliy 

4-{2-[(3-phenoxypropyl)amino]pyrM^ 

4-(2- {[3-(4<hlGiophenoxy)propyl^ 

4^2^{2-[(5-nitro(2-pyridyl))^^ 

10 4-{2-{(3-bea2imidazo^ 

. 4- {2-[(34>en2imidazolylpropyl)amino]^^ -2-methoxyphenol . 

4-{2-{[3-(4-nitnrimidazolyl^^ 

4-(2-{[3^2-aminobenzimidazolyI)pro^ 

4-(2- {[3^4,5^chloroimidazolyl)pTopyl]ami^ 

15 Example 17 

. Solid Phase Synthesis of Pyrimidine Compounds 
(Resin Method D) 

A primary amine was loaded onto Sasrin resin as in Example 3 (Lie., Resin Method 
B). This amine resin was then heated with either 2 > 4nfichloropyriniidine or ethyl 2,4- 

20 dicWoropyrimidine-S-caiboxyi ate ( 200 mg of pyrimidine per 200 mg of amine resin) and 
ceshim carbonate (250 mg) in NMP( 3 ml) overnight The resin was washed with the 
appropriate solvents (typically DMF or DMSO and dichloromethane) and then reacted 
with a second amine (e.g., a primary or secondary amine). Second amine displacement 
was typically conducted at a higher temperature in NMP, for example for 48 hours at 120- 

25 130°C. Hie resin was again washed and treated with 100% TFA for 0.5-1 hours to obtain 
the 2;4^aminopyrimidine > which was frequently obtained as a solid after lyophilization 
from a mixture of acetonitrile and water. 

Examples 18-19 describe die synthesis of compounds of die present invention 
pursuant to Resin Method D. 
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Example 18 

Synthesis of K3^onn>henyl)mefeylH2^ (2-r(S>nitTo(^PY"^Y ! )) aTn ^ n V 
ethyl) amino)pvrimidufr4-yl1amine 
Bromomethyl Sasrin resin (prepared as in Step 1 of Example 3, OS g) was heated 
5 with 3-cUorobenzyl amine (1 ml) in NMP (8 ml) at 80°C for 1.5 hours, then overnight at 
room temperature. The resin was washed wife DMF and dichloromethane and dried in 
vacuo. The dried resin (200 mg) was then heated with 2,4^chlorop>rimidine and 250 mg 
of cesium carbonate in NMP (3 ml) at 80°C overnight The resin was washed as before. 
One half of the resin was heated with 2^-aminoefeylamino)-5-nitropyridine (180 mg, 1 
10 . mmol) in NMP (2 ml) at 125°C for 66 hours. The resin was washed as before and then 
treated wife 100% TFA for 0.5 hours. The resin was filtered off and fee filtrate was 
concentrated in vacuo, then lyophilized from acetonitrile and water to give fee title 
compound as a yellow solid. 
HPLC: 23.46 min (82% purity) 
15 MS: MH*= 400 C 18 H 18 C1N70 2 = 399 g/mol * 

Example 19 

Synthesis of Efeid^(f(3Ha^ophen^)mefevnamino}> 
2^f24(5HMtro(2-pyridynam^ 
Bromomethyl Sasrin resin (prepared as in Step 1 of Example 3, 1.0 g) was reacted • 
20 wife 4-cyanobenzylamine (1.5 ml) in NMP (8 ml) at 80°C for 4 hours. The resin was 
washed wife DMF and dichloromethane and dried in vacuo at room temperature. The 
dried resin (400 mg) was then reacted wife ethyl 2 > 4^cWoropyrimidine*5-carboxylate 
(prepared according to VJEL Smith, and BJB. Christensen, /. Organic Chenu, 20: 829 
(1955), which is incorporated herein by reference) (400 mg) and cesium carbonate (400 
25 mg) in NMP (4 ml) at 80°C overnight The resin was washed as before and dried. The 
dried resin (200 mg) was then heated wife 2^2-aminoefeylamino)-5-mtropyridine (180 
mg, 1 mmol) in NMP (2 ml) at 104°C for 21 hours. The resin w?s washed wife DMSO, 
glacial acetic add, water, DMSO, dichloromethane and thai treated wife 100% TFA to 
obtain fee title compound. 
30 HPLC: 25J27 min (100% purity) . . 

MS:MH f =463 0^22^04 = 462 g/mol 

The following additional compounds were prepared according to Resin method D 
using fee appropriate amine: 

(4-{[(3-taxraiophenyI^ 
35 ethyl} amine 

[(2,4HKchlorophenyl^^ 
yfjamine 
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[(3<nethyIphenyl)methyi][2^{2-[(^^ 
yi]amine 

[(3^fichlorophe3iyi)me&yl][2^^ amino)pyrimidin-4- . 

yljamine 

5 Ethyl 4-{[(3-hramopheriyl)m^ 
pyrimidine-5-carfeoxylale 

[2^{2-[(5-nitn>(2-pyridyl))amino]e^ 

[(4^orophenyl)me&y]][2^ 
yl]amine 

10 Bhyl MI(2HMorophenyI)me^ 
pyrimidine-5-caiboxylate 

Ethyl 4-{[(4H^aiwphemyl)methyl]amiTO 
amino)pyrimidine-5-carboxylate 

Example 20 

15 Solid Phase Synthesis of Pyridine Compounds 

(Resin Method E) 

. An amino resin (for example Sasrin resin loaded with a primary amine as described 
in Resin Methods B (Example 3) and D (Example 1 8)) was reacted with, e.g^ 2,6-dichloro- 
3-ttitropyridine and cesium carbonate in NMP at temperatures within the range of about 

20 25-50°C for a period within the range of from about 5 hours to about 24 hours. The resin 
was then washed with DMF and dichloromethane and heated with a primary amine in 
NMP at temperatures from 70-1 00°C overnight The resins were washed as described in 
Example 18, and the pyridine products obtained by treating the resin with 20-100% TFA 
for 0-5-1 hours (preferably with 80-100% TFA), 

25 Example 21 describes the synthesis of compounds of the present invention pursuant 

to Resin Method EL 

Example 21 

Synthesis of (2-f (6-amiiK)-5-nitn>(2-pyridyRaminoleti^l) - 
(5~nitiX)-6^benzylamino1f2-pvridyl)>amine 
30 Step 1: 2-Amino-6K*Ioix>3-rutropyridine (obtained, from 2,6-dicMbro-3-nitro- 

pyridine by the method of V.W. von Bebenberg, Qiemiker-Zritung. 103:387 (1979), 
which is incorporated herein by reference) (2.65 g) was treated at room temperature with 
ethyienediamine (5 ml). The temperature was gradually raised to 100°C After 4 h die 
excess ethyienediamine was removed by rotary evaporation. The residue was partitioned 
35 between dichloromethane and 2.5 M aqueous sodium hydroxide. The aqueous layer was 
further extracted 3 times with dichloromethane. The combined organic layers were 
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concentrated in vacuo to give (2-^mino€diyl)(6-ainino-5^tro(2«pyridyl))amine as a canary 
yellow solid. 

Step 2: Bromomethyl Sasrin resin, prepared according to Step 1 of Example 3, was 
heated with benzylamine (2 ml) in NMP (6 ml) at 70°C for 4 hours. The resin was washed 
S with DMF and dichloromethane and dried in vacuo. The dried resin (100 mg) was heated 
with 2,6-di ciQoro-3-nitropyridine (190 mg, 1 mmol) and cesium carbonate (100 mg) in 
NMP (2 ml) at 50°C for 5.5 hours. The resin was then washed with water, DMF and 
dichloromethane. The resin was air dried and then heated with the amine ftom Step 1 (90 
mg) in NMP (2 ml) at 95°C overnight The resin was washed with DMSO, acetic acid, 
10 water, DMSO, dichloromethane and then treated with 20% TFA to give die title 
compound. 

HPLC: 28.47 min (87% purity) 

NMR: (300 MHz, 7/1 acetonitrile^yDzO, 75 °C: 8.0 (2H, two overlapping d), 12-1 A 
(5H, PhX S3 (2H, 2d bveriapping), 4.75 (s, 2H), 3.50-3.65 (m, 4H) 
15 The following additional compounds, were similarly prepared according to Resin 

Method E by varying the pyridine and primaryamine: 

{2-[(5Hiitro(2-pyrayI))amino]^iyl} {5-nW6-[beazyIamino^^ 

6- {[2-{ {5-nitn>^[>enzylamino]-2-pyridyl } amino)ethyl]amino} pyridine-3-carbonitrile 

{6^(2^eflioxy^yl)amino]-5-nitix)(2-pyridyl)} {2-[(5Hiitro(2-pyridyl))amino]ethyl}amine 

20 (6-{[(2,4KHddorop^ 

aminojethyl} amine. 

Example 22 
Synthesis of 4-r2^(2-r(5-mtroft-pyridyl))am 

4-ylTbenzenecaibonitrile (Resin Method F) 

25 Benzylamine was reacted wife bromomethyl Sasrin resin to give a benzylamine 

substituted resin as in Step 1 of Example 3. This resin (150 mg) was shaken with 4- 
cyanopheaacjdbromide (130 mg), DMF (2 ml) and 2,6-lutidine (200 pi) at room 
temperature for 6.5 hours. The resin was washed wife DMF and dichloromethane and 
briefly air dried. It was then heated with DMFDMA (3 ml) at 80°C overnight The resin 

30 was then washed wife DMF and dichloromethane and dried in vacuo. The dried resin was 
heated with amino {2HX5-mtro(2i>yridyl))am 4-methyl- 
benzenesulfonate (120 mg) and cesium .carbonate (160 mg) in NMP (2 ml) at 90°C 
overnight The resin was washed wife DMF, water, DMF and dichloromethane and then 
treated wife 95:5 TFA.*water to give fee tide compound. 

35 HPLC: 25.61 min (80% pure) 

MS:MH*=467 02^^02= 466 g/mol 
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Example 23 ■ 

Solid Phase Synthesis of Pyrimidines (C? = carfaoxvl) 
(Resin Method O) 

A mixture of polystyrene Wang resin (Novabiochem, 0.41 mmol/g, 22 g, 121 
5 mmol), a p-ketoester (commercially available from Aldrich or Lancaster Chemical, 363 
nnnol) and dimethylaminopyridine (DMAP, 12.1 mmol) in toluene (22 ml) was shaken for 
16 hours at 90°C. The resin was filtered and washed with DCM, DMF, DCM, then dried 

A mixture of the dried resin (100 mg, 0.055 mmol), an aldehyde (0.55 mmol), 
piperidine (0.055 mmol), acetic acid (0.055 mmol) and 3 A Molecular Sieves (Aldrich) in 
10 DMF (1.0 ml) was shaken for 16 hours at room temperature. The resin was filtered and 
washed wife DMF and DCM, then dried 

To a mixture of the resulting resin (100 mg, 0.055 mmol) and NaHCOa (12 mg, 
0.138 mmol) was added 0.4 M of the appropriate guanidine in DMF (1.0 ml, 0.4 mmol). 
The mixture was then shaken for 16 hours at 70 °C. .The resin was then filtered and 
15 washed with DMF, water, methanol, DMF, DCM, and dried 

This resin was treated with 0.1 M DDQ in THF (1.1 ml, 0.11 mmol) for 3 hours at 
room temperature. The resin was filtered and washed with DMF, saturated NaHCCb (aq), 
water, methanol, DMF, DCM, then dried The resin was treated with 95% TF A/water for I 
hour at room temperature, thai filtered and washed with DCM. The filtrate and washings 
20 woe combined and evaporated The residue was dissolved in acetonitrile/water (1:1) then 
lyophilized 

In all cases, the product pyrimidines were of purity >8 0% as detennined by HPLQ 
MS and NMR analysis. 

The following compounds were prepared according to Resin Method G using 
25 amino {2-[(5-nitro(2~pyridyl)amm^^ 4-tohiene sulfonate' as the 

guanidine source and the {Mcetoester and aldehyde indicated in parentheses: 

6-(2-Fhiorophenyl)-2-( {2-[5-mtn>(2-pyri<tyl)ainino]^tiyl } ammo)^phenylpyriiiudinfi-5- 
caiboxyiic add (ethyl 3^4-fluorophenyl>3-oxoproprionate and benzaldehyde) 

2-({2-[5-NitnK2-pyridyl^^ 
30 caiboxylic acid (ethyl 3-(4-nitrophenyl)-3-oxoproprionate and benzaldehyde) 

6-Methyl-2^{2^(5-mtio(2-pyridyi)am 

add (ethyl acetoacetate and benzaldehyde) 

4,6-bis(4-Nitrophmyl)-2^{2^5H^^ 

add (ethyl 3-{4-mtrophe3iyl)-3-oxoproprionate and 4-nitrobenzaldebyde) 

35 2^{2-[5-Nitn>(2-pyridyl)am^ 

5-carboxylic add (ethyl 3-(4-mtrophenyI)-3-oxoproprionate and 4- 
pyridyicaiboxaldehyde) 
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4-(4-M^hoxyphenyl>2-( {2-[5-mtro(2-pyridyl)ainino]eihyl} anuno>6-(4-nitn)phenyl> 

pyrimidine-5-carboxylic acid (ethyl 3-(4-nitiophenyl)-3-<>xopioprioQate and 4- 
methoxybenzaldehyde) 

4^4<^anophenyl)-2^{2-[(5-iri^ 

pyrimidine-5-caiboxylic add (ethyl 3^4-mtrophenyl)-3-oxopn>prionate and 4- 
cyanobenzaldehyde) 

2^{2-[(54tftro(2-pyridyi))amii^ 

acid (ethyl 3-{4~nitrophenyl)-3-oxoproprionate and formaldehyde) 

4,6-his(4<^anophenyl)-2-({2-[(^^ 

carboxylic add (ethyl 3-(4-cyanophenyl)-3-oxoproprionate and 4- 
cyanobenzalddiyde) 

4-(4-Cyanophenyl)-2-({2-[(^^ 

pyrimidine-5K^box>1ic add (ethyl 3-{4-cyanophenyl>3-oxoproprionate and 3- 
nitrobenzaldehyde) 

4-(4-Cyanophenyl)-2-( {2-[(5-nitm(2^yridyl)ammo]ethyl} amino)-^ 

carboxylic add (ethyl 3^4-cyanophmyl>3-05qm)prionate and benzaldehyde) 

4-(3^anopheayl)-2-({2-[(5-m^ 

pyrimidine-5-<^boxylic add (ethyl 3-(4-nitrophenyl>3-oxoptoprionate and 3- 
cyanobenzaldehyde) 

4^3-HydroxyphenyI)-2^{2<5-mt^ 

pyrimidin^-5-carboxylic add (ethyl 3-(4-nitrophenyl)-3-oxopiopri6nate and 3- 
hydroxybenzaldehyde) 

2-({2-[(5-ffitro(2-pyridyl))^^ 

pyrimidine-5-caiboxylic add (ethyl 3-(4-nitrophenyl>-3-oxqproprionate and 3- 
nitrobenzaldehyde) 

2-({2-[(5-Nitro^ 

pyrimidine-5-caiboxylic add (ethyl 3-(4-mtrophenyl)-3-oxopTOprionate and 4- 
quinolinecaiboxaldehyde) 

2^{2-[(5-Nitro(2-pyrid^ 

pheayl}pyrimidine-5-carboxyHc add (dhyl 3^4-nitrophmyl>3-oxopropricmate and 

4- trifluoromethyIb€aQ2aldehyde) 

4-({4-Caiboxyphenyl)-2-({2-[(5~mtr^ 

pyrimidine-5-carboxylic add (ethyl 3-(4-mtrophenyl)-3-oxoproprionate and 4- 
aaiboxybenzaldehyde) 

4-Cydohe^-2-({2-[(5-mtn>(^^ 

5- carboxylic add (dhyl 3-(4-mtrophenyl)-3-oxoproprionate and 
cydohexanecarboxaldehyde) 
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4<4<)yanophenyl>^4-fhiorophea^ 

pyrimidine-5-ttuboxylic add (ethyl 3^4<yaoophenyl)-3-oxopn)prioiiate and 4- 
fluorophenylbenzaldehyde) 

4-(4-Cyanophenyl)^3-furyl>^^ 
5 carboxylate (ethyl 3^4-cyanophenyl)-3H>xoproprionate and 3 -fuiyl carboxaldehy de) 

Example 24 

Solid Phase Synthesis of Pyrimidines (C* = caiboxvl Cj or C& =H) 
(Resin Method G) 

A suspension of resin (Novabiochem, San Diego, USA, 0.51 mmol/g, 100 mg, 0.0 
10 mmol) in DMF~dimethylacetal (1 ml) was shaken for 17 hour at room temperature. The resin w 
filtered and washed with DGM and ether, then dried 

To a mixture of the resulting dried resin (100 mg, 0,055 mmol) and NaHCCb (12 n 
0.138 mmol) was added 0.4 M solution of the app r op riate guanidine in DMF (1.0 ml, 0.4 name 
The mixture was shaken for 16 houxs at 70 °C This resin was thai filtered and wash 
15 successively with DMF, water, MeOH, DMF, DCM, and then dried. The resin was treated w. 
95% TFA/water for 1 hour at room temperature, then filtered and washed with DCM The filtr, 
and washings were combined and evaporated. The residue was dissolved in acetonitrilerwater (] 
v/v) and lyophilized to give a pyrimidine. 

The following compounds were prepared according to the above method using N-4 
20 nitropyridine^yl)aminoethyiguanidine and the appropriate {J-ketoester and aldehyde: 

4-methyl-2^{2-[(5-nitro(2-pyridyl)aj^ acid 

2^{2-[(5noitro(2-pyridyI)amm^^^ 
acid 

4-(4-<^ranophenyl>2^{2-[(5-ni^ 
25 pyrimidine-5-carboxylic add. 

Example 25 
Solution Phase Synthesis 
(Solution Method A) 

A carbonyl-containing compound (eg., p-keto esters, p-keto sulfones, P-keto 
30 nitriles, a-nitro ketones, and the like) was dissolved in a suitable organic solvent (usually 
THF) and treated with a slight excess (1 .2-2 equivalents) of DMFDMA- The mixture was 
heated at 60-80°C for 3-15 hours, most typically 3-5 hours. The reaction mixture was then 
cooled. When a done on a small scale (0.2-lmmol) there was no attempt to remove the 
slight excess of DMFDMA present, rather the cooled mixture was directly added to a 
35 mixture of a guanidine (1 equivalent) and an appropriate base (for example, cesium 
carbonate or 1J2 equivalents of sodium ethoxide in 1 ml of ethanol). 
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The reaction was thai heated at 7O-80°C for 12-24 h. At the conclusion of the 
reaction the vials were cooled, poured into dichloiomethane or ethyl acetate and washed 
with sa turat ed aqueous sodium bicarbonate solution. The organic layer was concentrated 
in vacuo and the product was precipitated or crystallized, usually by addition of water to 
5 acetonitrile or ethanol solutions of the product In some cases chromatographic 
purification was performed, either by semi-preparative HPLC or by radial chromatography 
using silica gel plates on a Chromstotron (Harrison Research, Palo Alto, CA) ehiting with 
mixtures of dichloiomethane and methanol. Larger scale reactions were performed in 
* round bottom flasks using typical organic chemistry apparatus. 
10 Examples 31, 35-45, and 50-59 describe the synthesis of compounds of die present 

invention pursuant to Solution Method A. 

Example 26 
Synthesis of Ethyl 4^4gYgnop^ 

pyrimidme-5-carboxylate 
15 Ethyl 3-(4-cyanophenyl)3-oxopropanoate (64 mg, 03 mmol) was heated with 

DMFDMA ( 5Q\d) and dry THF (1 ml) at 70°C for 3 hours. Hie cooled mixture was thai 
added to a suspension of amino[2<2-q^olylamino)ethyl]caiboxamidini^ 4- 
methylbenzenesulfonate (prepared according to Example 12), (120 mg, 0.3 mmol) in 
ethanol (2 ml) containing 0.35 mmol of sodium ethoxide. The reaction was then heated at 
20 80°C overnight and then concentrated in vacuo. The residue was taken up in 
dichloromethane and washed with saturated aqueous sodium bicarbonate. The organic 
layer was concentrated in vacuo. The residue was taken up in acetonitrile. Addition of 
water gave a precipitate which was filtered off and dried to give the titl e compound 
HPLC: 22,12 rpin (90% purity) 
25 MS: MH*= 439 CasHz^O* - 438 gfmol 

Example 27 
Synthesis of Ethyl 4-(6-moroholiii^vl^^ 

iryridyi))amino1ethyi) amino)pvrimidine-5-caiboxylate 
Step 1: Ethyl 6-cUoronicotinate (5.0 g) and morpholine (10 ml) were mixed and 
30 then heated to 100°C. In less than 5 minutes at this temperature, a thick paste formed, 
Acetonitrile (15 ml) was added and heating was continued overnight at 90°C The mixture 
was cooled, diluted with water and extracted with ethyl acetate. The organic layer was 
dried and concentrated in vacuo to give ethyl 6Hnorpholin^^pyridine-3-carboxylate as a 
white solid 

35 NMR (300 MHz, CDCfe: 8.80 (s> 1H), 8.05 (d, 1H), 6.60 (d, 1H), 435 (q, 2H), 3.80 (m, 
4H), 3.65 (m, 4H), 135 (t, 3H). 
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Hie solid was refluxed in a mixture of THF and aqueous potassium hydroxide for 2 
hours. The THF was removed in vacuo and the aqueous layer was extracted with ethyl 
acetate. The aqueous layer was then acidified with acetic acid. A white solid precipitated 
out and was washed with water and dried to give 6-morpholin^>ipyridine-3-caiboxylic 
5 arid 

NMR (300 MHz, DMSO-d* ) 8.65 (s, 1H), 7.95 (d, 1H), 6.85 (d, 1H), 3.70 (m, 4H), 3.60 
(m,4H) 

Step 2: The acid described in Step 1 was converted to the 0-keto ester as follows. 
The add (5.6 g., 27 mmol) in diy THF (100 ml) was treated at room temperature with 

10 oxalyl chloride (40 mmol) followed by several drops of DMF. The mixture was then 
refluxed for 2 hours. Hie solvent was removed in vacuo to give a yellow solid acid 
chloride. Potassium ethyl malonate (Aldrich Chemical Co., 92 g, 54 mmol) and 
anhydrous magnesium chloride (6.48 g) were mixed in dry acetonitrile (100 ml). Then 
triethylamine (6 ml) was added and the mixture stirred at room temperature for 4 hours. 

15 An additional 3 ml of triethylamine was added, followed by addition of the acid chloride 
dissolved in 50 ml of dry acetonitrile. The mixture stirred overnight at room temperature, 
then the solvent was removed in vacuo. The residue was treated with toluene (ca. 200 ml) 
and then sufficient 25% aqueous HQ was added to dissolve the residue entirely. The 
mixture was shaken and organic and aqueous layers separated. The toluene layer was 

20 washed with water. The combined aqueous layers were then washed twice with toluene. 
The organic layers wane discarded. The pH of the aqueous layer was adjusted to pH7by 
addition of solid sodium carbonate. The aqueous layer was then extracted with toluene* 
Concentration of the toluene layer in vacuo gave ethyl 3K6-morpholin-4-ji)(3-pyri<tyl)-3-. 
oxopropanoate as a yellow solid. 

2$ Step 3: The (Wceto ester from Step 2 (83 mg, 0.3 mmol) was heated with 

DMFDMA (50\d) and dry THF (1 ml) at 70°C for 3 hours. Hie cooled mixture was thai 
added to a suspension of ammo[2-[(5-mtro(2-pyrid 4- 
methylbenzenesulfonate (120 mg, 03 mmol) in ethanol (2 ml) containing 035 mmol of 
sodium ethoxide. The reaction was then heated at 80°C overnight and then concentrated in 

30 vacuo. The residue was dissolved in dichloromethane, then washed with saturated aqueous 
sodium bicarbonate. This organic layer was then concentrated in vacuo y then redissolved 
in acetonitrile. Addition of water gave a precipitate which was filtered off and dried to 
give the title compound. 
HPLC: 18.77 min (98%) . 

35 MS: MH*= 495 C^B^NgO, = 494 g/mol 
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Example 28 * 
Synthesis of Ethyl 2^{24(6-ammo-5-mtnrf2-py^ 
aminoM^4H^anophenyl)pyrim 
To a solution of ethyl 3-<4-cyanophenyl}-3-oxopTopionate (63 mg, 03 mmol) in 
5 THF (1 ml) was added DMFDMA (50 pi). The solution was heated at 70°C for 3 hours 
and then added to a mixture of amino[2-[(5-nitro(2-pyridyI)amino] ethyl } caiboxamidinium 
4-methylbQizenesulfonate (123 mg, 03 mmol), ethanol (1 ml) and 1.0 M sodium ethoxide 
(035 ml). This mixture was heated at 80°C overnight The reaction was cooled, diluted 
with dichloromethane and washed with aqueous sodium bicarbonate. The organic layer 
10 was concentrated in. vacuo, the dissolved in acetonitrile. The product was precipitated with 
water to give the title compound. 
HPLC: 25.21 min 

MS:MH f =449 C2iH aD N 8 04=448gteol . 

NMR (DMSO-d6): 1.02 (t, 3H), 3.60.(m, 4H), 4.10 (q, 2H), 5.95 (d, 1H), 7.60 (d, 2H), 
15 7.85 (d,2H), 7.90 (d,lH), 8.80 (s, 1H) 

Example 29 
Synthesis of ethyl 2^jgJ(6gmuio^ 

morpholiii^ylphenvltoyrira 
To a solution of ethyl 3-(4-morpholinophenyl)3-oxopiopanoate (70 mg, 0.3 mmol) 
20 in THF (1 ml) was added DMFDMA (60 pi). The solution was heated at 70°C for 3 hours, 
then added to a - mixture of amino[2^6-amino-5-nitro(2-pyridyl)amino]ethyl}- 
caxboxamidinium 4-methyIbenzenesulfbnate (123 mg, 0.3 mmol), ethanol (] ml) and 1.0 
M sodium ethoxide (035 ml). The mixture was heated at 80°C overnight, then cooled, 
diluted with dichloromethane and washed with saturated aqueous sodium bicarbonate 
25 solution. The organic layer was concentrated in vacuo, dissolved in acetonitrile. and the 
. product precipitated with water to give the title compound 
HPLC : 2237 min. (85% purity) 
MS: MH* = 509 (^2sN8O 5 =508 g/mol 

NMR (DMSO-d«): 1.05 (t, 3H), 33 (m, 4H), 3.60 (m, 4H), 3.78 (m, 4H), 4.15 (q, 2H), 5.95 
30 (d, 1HX 6.90 (d, 2H), 7.45 (d, 2H), 7.95 9d, 1H), 8.60 (s, 1H) 

Example 30 
Synthesis of Ethyl 2^(2-f(6-amiiK>-5-mtro^ 

4jl^^^OTD^m^)E^dfe&j = ^^cgc^ate 
To a solution of ethyl 3-(2,4-dichlorophaiyl)-3-oxopropicmate (78 mg, 03 mmol) 
35 in THF (2 ml) was added DMFDMA (70 pi). The solution was heated 3 hours at 70°C, 
then cooled and added to a suspension of amino[2^6-amino--5-nitro(2-pyridyl)- 
amino]efhyl} caiboxamidinium 4-mefhyIbenzenesul&nate (123 mg, 03 mmol), dry ethanol 
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(1 ml) and 1.0 M sodium ethoxide (035 ml). This mixture was heated at 80°C overnight 
The mixture was cooled, diluted with dichloromethane and then extracted with saturated 
aqueous sodium bicarbonate. Hie organic layer was concentrated in vacuo and the residual 
oil was dissolved in acetonitrile. Addition of water gave file title compound as a yellow 
5 solid. 

* Example 31 
Synthesis of Ethyl 4-(4-CYanophmvl>2^^ 

To a solution of ethyl 3^4-cyanopheaoyl)*3K>xopropionate (65 mg, 03 mmol) in 
10 THF (1 ml) was added DMFDMA (50 pi). The solution was heated at 70°C for 3 hours. 
The solution was then added to a mixture of amino[2-[(5^fro(2-pyridyl)ainino]- 
ethyl} carboxamidirrium 4^ethylb«izenesulfbnate (120 mg, 0.3 mmol), dry ethanol (1 ml) 
and 1.0 M sodium ethoxide (035 ml). The mixture was heated at 80°C overnight Hie 
mixture was cooled, diluted with dic&oromethane and washed with saturated aqueous 
15 sodium bicarbonate. The organic layer was concentrated in vacuo, then dissolved in 
acetonitrfle. The solid product was precipitated by addition of water .to give the tide 
compound. 

HPLC : 28.05 nrin. (95% pure) 

Example 32 

20 Synthesis of2^(2^(S*rrto(2^vridyl)amm 

5-carboxylate 

To a suspension of 1.0 g (23 mmol) of ethyl 4-(4-cyanophenyl)-2<{2-[(5-ni^ 
pyridyl)ammo]erhyl} amino)pyriTrjidine-5-carboxylate (prepared as described in Example 
31) in 1:1 methanol/water was added 1.5 mmol of sodium hydroxide and the solution 
25 warmed to 60°C for 45 minutes. During this time the reaction became homogenous. After 
cooling die mixture, the pH was adjusted to about 5.0 at which time the desired add 
precipitated from solution. This solid was collected and dried to give 890 mg (22 mmol, 
98% yield) of 2^(2^(5^tro(2^yridtf 
pyrimidine-5-carboxylate as a light yellow, powder. 

30 Example 33 

Synthesis of 2-(dimethylamino)erhyl 4-(4-cyanophenyl V2-( (2-r(5-nitro(2- 

• Eyridy£Egg^ 
. 2^(2^(5-mtr^2-pyridyl)ammo)^ 
carboxylate (300 mg, 0.74 mmol) (prepared as described in Example 32) was suspended in 
35 5 ml of 2<dimethylamino)^hanol at room temperature. OBenzotriazole-N^N^f^T- 
tetrametbyluronium-^^ (HBTU) (Advance Chean Tech, Louisville, 

Kentucky) was then added in one portion and the mixture stirred for 18 hours at room 
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temperature. Hie resulting clear solution was poured onto an ice water mixture and 
extracted thoroughly with ethyl acetate. The aqueous layer was back extracted with ethyl 
acetate 2x. The combined organic layers wore then dried, with sodium sulfate and 
concentrated in vacuo. HPLC and NMR analysis indicated that the desired compound, 2- 
5 (dimethylamino)ethyl 2^(2^(5-nitro(2-pyridyl)amino)^ 

pyrimidine-5-carboxylate, was formed in quantitative yield Q> 95%). 

By substituting an alcohol or amine for the 2-(dimethylamino)ethanol indicated 
above, die following additional compounds of die present invention were similarly 
synthesized (the alcohol or amine employed is indicated in parentheses): 

10 tert-Butyi 4^4<yanophenyI>2K{2-[^ 
caiboxylate (tert-butyl alcohol) 

Methyl 4^4-cyanophenyl>-2^{2-[((5-nitro(2^yridyl)) 
caiboxylate (methanol) ~ 

Butyl 4^4~cyanophenyl>2<{2-[(5-m^ 
IS caiboxylate (n-butanol) 

Phenylmetbyl 4^4-cyanophenyI)-2<^ 
pyrimidine-5-caiboxylate (benzyl alcohol) 

N-ButyI[4H(4-cyanoph 

yl]carboxamide (n-butylamine) 

20 [4^4<^anophenyl>2^^ 

benzyicarboxamide (benzylamine) 

{4^4^yaroj*^ 

dimethylcarboxami de (dimethylamine) 

25 pyrinridin-5-yI]carboxamide (aminoacetonitrile) 

N^tert-Butyl)[4^4-cyan^ amino)pyrimidn> 
5-yl]carboxamide (t-butylamine) 

NH?.{Dimethylami^ 

amino)pyriinidin-5-yl]caiboxamide 38564 (2^dimethylmino)ethyl amine) 

30 [4<4^^ophenyl)-2^{2^£^ 

hydroxyediyl)cart>oxamide (2-aminoethanol) 

4^5^c^holin^ylcarbonyl^ 

yl]b€ozenecarbonitrile (morpholine) 

[4^4<^opheayl)-2^{2-[(^ 
35 meth^dcaiboxamide (methylamine) 
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NK2-Ammoefliyl)[4^ 

pyrimidin-5-yl]carboxamide (ethylenedianiine) 

4^2^{2-[(5-nitn>(2-pyri^ 

yl]benzenecaibonitrile (piperazine) 

5. 4K4^anophenyl>-2^{2-[5Hutro(^^ 
caxboxamide (ammonia) 

N<QubamoyImethyl)[4^4^ 

pyrimidin-5-yi]carboxamide (glycinamide) 

[4<4-cyanophenyl)-2^{24(S-nitn>( 
10 pyridybnetiiyl)caiboxamide ((4-pyridyl)methyiamine) 

2-Hydroxyefhyl 4^4-<^oplrayl^ 

pyrimidine~5-caiboxylate (ethylene glycol) 

N^l<^amoyi-2-hydro^^ 
e&yl}amiiK>)pyri^ 

15 Example 34 

Synthesis of 4-r543-meftvlflQ,4^^ 
pyridyl))amiDo1^vn aminobyrim 
To a mixture of ethyl 4-(4-cyanophenyl)-2-( {2-[(5-nitro(2-pyridyl))amino]- 
ediyi}amino)pyrimidine-5-carboxylate (0.069 mmol, prepared as desaibed in Example 31) 
20 and triethylamine (193 jjO, 0,14 mmol) in THF (1 ml) was added isobutyl chloroformate 
(13.4 jil, 0.14 mmol). After stirring at room temperature overnight, the appropriate 
amidoximine (0.14 mmol) (prepared according to CD. Bedfore et aL, J. Med Chem. 
20:2174-2183 (1986), which is incorporated herein by reference) was added and the 
mixture stirred at 70°C for 6 hours. After stirring an additional 72 hours at room 
25 temperature, the reaction was filtered, the solid washed successively with methanol and 
water, and dried under vacuum to give the desired oxadiazole, 4-[5-(3-meihyl(l,2,4~ 
oxadiazol-5-yl)>2<{2^(5HU^ 

carbonitrile. The following additional compounds were prepared according to this method 
by using the appropriate amidoximine: 

30 H5-{3-[2^dmediylaim 

amino]ethyl } ainino)pyiiimdin-4-yl) 

(2-{H2KM6-amino~^^ 

pyrimidii)-5-yl](l ,2,4K>xadiazol-3-yl)} ethyl)dimethylainine 
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Example 35 

Synthesis of Ethyl 4-(4nncm)holiiHl-vbh^YlV2-((24(5-nitror2- 
pyri(M))amino1ethyl) amino)pyrnnidme-5-carboxylate 
To a solution of ethyl 3-(4-moipholinophenyl)3-oxopropionate (193 mg, 0.7 mmol) 
5 in THF (1 ml) was added DMFDMA(140 The solution was heated at 70°C for 3 
hours. Hiis solution was added to a mixture of amino[2-[(5-nitro(2- 
pyridyl)amino]ethyl } carboxamidinium 4-methyIbenzenesulfonate (280 mg, 0.7 mmol), 
ethanol (1 ml) and 1.0 M sodium ethoxide (0.82 ml). The mixture was "heated at 80 °C 
overnight Hie cooled mixture was diluted with dichloromethane and extracted with 
10 satu r ate d aqueous sodium bicarbonate. The organic layer was concentrated in vacuo, then 
dissolved in acetonitrile. The product was precipitated as an orange solid (126 mg) by 
addition of water to give the title compound. 
HPLC 25.25 min (95% purity) 

NMR (DMSOd6): US (t, 3H), 3.20 (m, 4H), 3.60 (br. s, 4H), 3.78 (m, 4H), 4.05 (q, 2H), 
15 6.59 (d, 1H), 6.95 (d, 2H), 7.40 (d, 2H), 8.0 (m, 1H), 8.60 (s, IH), 8.90 (d, 1H) 
MS: MH* = 494 02^^05=493 gtool 

Example 36 
Synthesis of Ethyl 4^(4-imida2olylphen^^ 

pyridyl))amino1etbvl) ammo)pyrimidmo-5-carboxYlate 

20 To a solution of ethyl 3-[4-(imidazol- 1 -yl)phenyl]3-oxopropanoate (78 mg, 0.3 

mmol) (prepared according to L Sircar et aL, J. Med. Ghent, 28:1405 (1985), which is 
incorporated herein by reference) in THF (1 ml) was added DMFDMA (50 pi). Hie 
solution was heated at 70°C for 3 hours. Hie solution was then added to a mixture of 
amino[2-[(5-nitro(2-pyridyl)amino]ethyl}caiboxam 4^nefliylbenzenesulfonate 

25 (120 mg, 03 mmol), ethanol (1 ml) and 1.0 M sodium ethoxide (035 ml). The mixture 
was heated at 80°C overnight, cooled, diluted with dichloromethane and washed with 
saturated aqueous sodium bicarbonate solution. The organic layer was concentrated in 
vacuo, redissolved in acetonitrile and then the product was precipitated by addition of 
water as a yellow solid to give the title compound 

30 HPLC: 1830 mht (95% purity) 

MS:MH + =475 C^22N 8 0 4 = 474g/mol 

NMR (DMSOd6): L05 (t, 3H), 3.62 (br. s, 4H), 4.10 (q, 2H), 6.58 (d, 1H), 7.15 (s, 1H), 
7.60 (d, 2H), 7.70 (d, 2H), 7.75 (s, 1H), 7.85 (br s, 1H), 7.9-8.1 (m, 2H), 8.25 (s, 1H), 8.75 
(s,1H),8.90(s,1H) 
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Example 37 
Synthesis of Ethyl 2^{24(5-mtro^2-iryri<^ 

yl)phenyRpyriinidin6»S-caiboxylate 
Step 1: Methyl 4-formyIbenzoate (Aldrich Chemical Co., St Louis, Missouri) (5.0 
5 g, 30.5 mmol), anhydrous potassium carbonate (4.55 g, 33 mxnol) and p- 
toluenesulfbnylmethyl isocyanide (TOSMIC, Aldridi Chemical Co.) (6.83 g» 30.5 mmol) 
were refluxed in methanol (100 ml) for 3.5 hours. The mixture was then concentrated to 
dryness in vacuo. Hie residue was dissolved in ethyl acetate, washed twice with water, 
dried and concentrated in vacuo to give methyl 4-(l ,3-oxazpl-5-yl)benzoate as a beige 
10 solid (4.95 g). 

(NMR (300 MHz, CDCfe: 8.10 (d, 2H), 7.98 (s, 1H), 7.75 (d, 2H), 7.48 (s, 1H), 3.94 (s, 
3H)). 

The above ester was heated at reflux for 2 hours in a mixture of 1 M aqueous 
potassium hydroxide and 50 ml THR The THF was removed in vacuo and the solution 
15 cooled, then acidified with 50% HC1 to give 4-(l,3-oxazol-5-y))benzoic acid as a white 
solid. 

NMR (300 MHz, DMSO-d6; 8 52 (s, 1H), 8.05 (d, 2H), 7.82-7.9, m, 3H). 

The dried acid above was refluxed in neat thionyl chloride until all of the solid had 
dissolved. The thionyl chloride was removed by rotary evaporation (with hexane). The 

20 crude arid chloride was then dried in vacuo briefly. Meanwhile, potassium ethyl malonate 
(11.1 g, 65 mmol) and anhydrous magnesium chloride (7.7 g, 81 mmol) in dry acetonitrile 
(150 ml) were treated with triethylamine (5.15 ml, 37 mmol). The mixture was stirred for 
3 hours at room temperature, then an additional 1 ml of triethylamine was added, followed 
by a solution of the acid chloride prepared above in dry acetonitrile (50 ml). The reaction 

25 was stirred overnight at room temperature. The mixture was concentrated to dryness in 
vacuo and then partitioned between toluene and 0.25 M aqueous HQ. The organic layer 
was washed with water, dried and concentrated to give crude ethyl 3-(4-(l ,3-oxazol-5- 
yl)phenyl)-3-oxopropanoate. The crude product was purified by silica gel chromatography 
(hexanes/ethyl acetate). 

30 Step 2. To a solution of ethyl 3-(4-(13-oxazol-5-yl)phenyl>3-oxopropanoate (76 

mg, 03 mmol) in THF (1 ml) was added DMFDMA (60 1*1). The solution was heated at 
70°C for 3 hours. This solution was added to a mixture of amino[2-[(5-nitro(2- 
pyridyl)amino]ethyl}carboxarnidinhim 4-methyibenzenesulfonate (120 mg, 03 mmol); 
ethanol (1 ml) and 1.0 M sodium ethoxide (035 ml). The mixture was heated at 80°C 

35 overnight, cooled, diluted with dichlorometfaane and washed with saturated sodium 
bicarbonate solution. The organic layer was concentrated in vacuo, redissolved in 
acetonitrile and the product precipitated with water to give the title compound as an orange 
solid. 
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HPLC: 26.75 min. (90% purity) 

NMR (DMSOrd^): 1.05 (t, 3H), 3.65 (hr. s, 4H), 4.10 (q, 2H), 6.58 (d, 1H), 7.58 (d, 2H), 
7.70 (s, 1H), 7.75 (d, 2H), 7.82 (br. s, 1H), 7.95-8.10 (m, 2H), 8.40 (s, 1H), 8.75 (s, 1H), 
8.85(s,lH) 

5 Example 38 . 

. . Synthesis of Ethyl i^2-faryl)phm^ 

pyririyl))amino1efliyi ) amino)pyritmdme-5-carboxvIate 
Step 1: Ethyl 4-iodobenzoate (2.76 g, 10 mmol) and 2-fiuyIboronic add (Frontier 
Scientific, 1.12 g, 10 mmol)) were mixed with bis (tripheoylphosphine)paUadium 
10 dichloride (100 mg) in i;Z-dime1hoxy ethane (20 ml) and 2 M aqueous sodium carbonate 
(20 ml). The mixture was bubbled with argon gas, then heated at 80°C under argon 
overnight Hie mixture was cooled, diluted with ethyl acetate, thai washed with water. 
Hie organic layer was dried and concentrated in vacuo to give a crude solid ester. This 
material was taken up in a mixture of THF and 1 M aqueous potassium hydroxide and 
15 refluxed for 2.5 hours. The THF was removed by rotary evaporation and the aqueous layer 
acidified with acetic acid. Cooling to 4°C resulted in the precipitation of 4-(2- 
fuiyi)benzoic acid as a brown solid (1.49 g) 

(NMR (300 MHz, DMSOd6: 8.10 (d, 2H), 7.90 (m, 3H), 7.24 (d, 1H), 6.75 (dd, 1H)). 

Step 2: The acid from Step. 1 was converted to the acid chloride by refluxing in a 

20 mixture of oxalyl chloride (1.3 ml), THF (20 ml) and several drops of DMF. Small 
portions of oxalyl chloride were added until the reaction was homogeneous. Reflux 
continued for 0.5 hours, then the solvent was removed in vacuo to give the crude add 
chloride. Meanwhile, potassium ethyl malonate (2.7 g) was reacted with anhydrous 
magnesium chloride (1 .9 g) and triethylamine (Z2 1 ml) in dry acetonitrile (50 ml) at room 

25 temperature for 3 hours. Triethyiamine (1 ml) was added, followed by addition of a 
solution of the add chloride in acetonitrile. The mixture was then stirred overnight at 
room temperature; then concentrated to dryness. The residue was partitioned between 
toluene and 10% aqueous HQ. The organic layer was washed with 10% HQ and water, 
dried and was then concentrated to give crude ethyl 3-(4-<2-furyl)phai^)-3-oxopropanoate 

30 as a solid. 

Step 3: The p-keto ester prepared in Step 2 (76 mg, 03 mmol) was dissolved in 
dry THF (2 ml) and ieaied with DMFDMA (60 pi) at 70°C for 4 hours. This solution was 
thai added to a mixture of amino[2^(5-mtro(2-pyridyl)amino]e!fliyl } caThoYflmidinii^n 4- 
methylbenzenesulfonate (120 mg, 0J mmol) and cesium carbonate (160 mg) and then 
35 heated at 80°C overnight to give ethyl 4^4<2-foryl)phenyI>.2-({2-[(5-nitro(2* 
pyridylj)amino]ethyl} amino)pyrimidine-5-carhoxyiate. 
HPLC: 32.05 min (80% purity) 



WO 02/20495 



-70- 



PCT/US01/42081 



MS:MH^76C^2^60 5 = 475g6nol 

Example 39 
Synthesis of Ethyl 4^cyanophenv^2^ 

pyridyl))aminolethyl) anuno)pyrimidine-5Haiboxylate 
S . Step 1: 2<MoTO-4^ethyl-S^tropyridiiie (2.0 g, 11.5 rmnol) in acetonitrile (10 

ml) was added dropwise to ethylenediamine (25 ml) in acetonitrile (10 ml). The mixture 
was stirred overnight at room temperature. The solvent was removed by rotary 
evaporation and the residue was partitioned between dichloromethane and 23 M aqueous 
sodium hydroxide. The aqueous layer was further extracted 4 times with dichloromethane. 
10 The combined organic layers were washed with a saturated sodium chloride solution, dried 
and concentrated in vacuo to give (2-amiiK)ethyl)(4-methyl-5^tro(2-pyridyl))amine as an 
orange solid (1.74 g). 

Step 2: The amine from Step 1 (12 g, 6 mmol) was shaken with benzotriazole 
caiboxamidinium 4-methyIbenzenesulfonate (2.0 g, 6 mmol) and DIEA (1 .05 ml > 6 mmol) 
15 in dry acetonitrile (10 ml) at room temperature overnight Addition of ether resulted in the 
precipitation of amino {2H[(4-m^yl-5^tro(2-pyridyl))amino]eihyl} caiboxamidinium 4- 
. methylbenzenesulfonate as a yellow solid . 

Step 3: Ethyl 3^4-cyanophenyl)-3-oxopropanoate (64 mg, 03 mmol) in THF (1 
ml) and DMFDMA (0.3 mmol) was heated at 70°C for 3 hours. The solution was added to 
20 a mixture of die guanidine from Step 2 ( 123 mg, 0.3 mmol), 1.0 M sodium ethoxide in 
ethanol (035 ml) and ethanol (1 ml). The mixture was then heated overnight at 80°C, 
cooled, diluted with dichloromethane, then washed with saturated sodium bicarbonate 
solution. The organic layer was concentrated in vacuo, redissolved in acetonitrile and the 
product precipitated with water. 
25 HPLC: 27.63 min (85% pure) 

MS:MH f =448 C22H 2 ,N70 4 « 447gAnol 

Example 40 

Synthesis of 2-(i2-\ (5-nitro(2Hmidyl)amino1efliyl) amino)^phmyhmiipidine>-5- 

carbonitrile 

30 3-Oxo-3-phmylpropanQiitrile (44 mg, 03 mmol) in THF (1 ml) and DMFDMA 

(50 ul) was heated at 70°C for 3 hours. This solution was added to a mixture of amino[2- 
[(5-nitxo(2-pyridyl)amino]ethyl } caiboxamidinium 4-inethyIbenzenesulfonate (120 mg, 0.3 
mmol), 1 .0 M sodium ethoxide in ethanol (03 5 ml) and dry ethanol (1 ml) and heated at 
80°C overnight, then concentrated in vacuo. The residue was then taken up in 

35 dichloromethane and washed with a saturated aqueous sodium bicarbonate solution. The 
organic layer was concentrated in vacuo. The residue was taken up in acetonitrile. 
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Addition of water gave a precipitate which was filtered off and dried to give the tide 
compound 

HPLC: 13.87 min (95% pure) 

Example 41 

5 Synthesis of {2-r(5^tro(2-pyridvd))amino1^hyl)- 

2-Nitro-l -phenylethan- 1 -one (SO mg, 03 mMol) was heated in THF (1 ml) and 
DMFDMA (50^1) for 3 h at 70°C. This solution was added to a mixture of amino[2-[(5- 
nitro(2-pyridyl)amino]ethyl}carboxamidm 4-methyIbenzenesulfbnate (120 mg, 03 

10 mmol), 1.0 M sodium ethoxide in ethanol (035 ml) and dry ethanol (1 ml), heated at 80°C 
overnight, thai concentrated in vacuo. The residue was taken up in dichloromethane and 
washed with sa tu rated aqueous sodium bicarbonate. The organic layer was concentrated in 
vacuo. The residue was taken up in acetonitrile. Addition of water gave a precipitate 
which was filtered off and dried to give the title compound. 

15 HPLC: 1533 min (100% purity) 

MS:MH^«382 C| 7 Hi5N704 = 381g/mol 

Example 42 
Synthesis of (5-Mtio^phmytoyrimidii^^ 

2-Nitro~ 1 -phenylethan- 1 -one (50 mg, 03 nnnol) was heated in THF (1 ml) and 
20 DMFDMA (50 pi) for 3 hours at 70°C. This solution Was added to a mixture of amino[2- 
(2-pyridyl)amino)etiiyl} carboxamidinium 4-me&yIbenzenesulfbnate (105 mg, 03 mmol), 
1.0 M sodium ethoxide in ethanol (035 ml) and dry ethanol (1 ml), heated at 80°C 
overnight, then concentrated in vacuo. The residue was taken up in dichloromethane and 
washed with saturated aqueous sodium bicarbonate. The organic layer was concentrated in 
25 vacuo. The residue was taken up in acetonitrile. Addition of water gave a precipitate 
which was filtered off and dried to give die title compound. 
HPLC: 19.66 min (100% purity) 
MS: MH*= 337 CnHieNrfJi - 336 g/mol 

Example 43 

30 Synthesis ofEthvl 4^4-cvanophenvlV2-r(2-f r5-(trifluonnn^hvl)(2> 

BjridKjfla^ 

Step 1: 2<Moro-5^trifluorome&yl)pyridine (5.0 g) was heated with 
ethylenediamine (20 ml) at 120°C overnight The excess ethylenediamine was removed 
by rotary evaporation and the residue was partitioned between dichloromethane and US M 
35 aqueous sodium hydroxide. The aqueous layer was extracted 5 times further with 
dichloromethane. The combined organic layers were washed with a saturated aqueous 
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sodium chloride solution, dried, then concentrated in vacuo to give (2-aminoefeyl)[5- 

(trifluoromethyi)(2-pyridyl)]amine as an orange oil. 

Step 2: The amine from Step 1 (LI g, 536 mmol) was treated with benzotriazole 

carboxamidinium 4-methylbenzenesulfbnate (1.78 g, 536 mmol) and DIEA (0.93 ml, 536 
5 mmol) in acetonitrile (6 ml) with shaking at room temperature overnight Addition of 

ether gave amino(2-{[5^trifluorometh^^ 4- 

methy lbenzenesulfbnate as a white solid 

Step 3: Ethyl 3-<4-cyanophaiyl>3-oxopropmoate (64 mg, 03 mmol) was heated 

in THF (1 ml) with DMFDMA (50 jd) at 70°C for 4 hours. This solution was added to a 
10 mixture of the guanidine from Step 2 (123 mg, 03 mmol), 1.0 M sodium ethoxide in 

ethanol (035 ml) and dry ethanol (1 ml). This mixture was heated at 80°C overnight, them 

concentrated in vacuo. The residue was taken up in dichloromethane and washed with a 

s at u r a te d aqueous sodium bicarbonate solution. The organic layer was concentrated in 

vacuo. The residue was taken up in acetomtrile. Addition of water gave a precipitate that 
15 was filtered off and dried to give the title compound. 

HPLC: 24.46 min (85% purity) 

MS: MH^= 457 C22H19N6O2F3 = 456 g/mol 

Example 44 

Synthesis of r4^2,4^chlorophenylV5-inrid ( 2-r(5-nitro(2- 

20 pyridyl))amino1ethyi) amine 

Step 1. 2,4-DicMorophenacyl chloride (1.42 g, 6.4 mmol) and imidazole (1.18 g,. 
16 mmol) were heated in toluene (40 ml) at 75°C for 235 hours. The mixture was 
concentrated to dryness in vacuo. The residue was dissolved in dichloromethane and 
washed with 5% aqueous potassium carbonate solution and water, dried and concentrated 
25 in vacuo. The crude product was purified by passage over a pad of silica gel, ehrring with 
5% methanol in dichloromethane to give 1 ^2,4KftchloropheityI)-2-irm 1 -one 

as an orange oil . 

Step 2: The product of Step 1 (95 mg) was heated with DMFDMA (2 ml) at 1 05°C 
for 9 hours. The solvent was removed in vacuo and the residue was dissolved in dry THF 

30 (2 ml) and added to a mixture of amino[2-[(5-mtr^ 

carboxamidinium 4-methylbenzenesulfonate (100 mg, 03 mmol) and cesium carbonate 
(200 mg). The mixture was heated overnight at 80°C, then concentrated in vacuo. The 
residue was taken up in dichloromethane and washed with saturated aqueous sodium 
bicarbonate. The organic layer was concentrated in vacuo. The product was purified by 

35 radial chromatography on silica gel. 
HPLC: 22.48 min (96% purity) 

MS: MH*= 47M73 (cluster, 2 Q) C^oH^zNgOz = 471 g/mol 



WO 02/20495 



-73- 



PCT/US01/42081 



Example 45 

4 = jg = ({2J(6 : a^ 

yflbenzenecarbonitrile 
Step 1: 4-Cyanophenacyl bromide (0.72 g, 3.2 mmol) and imidazole (0.S5 g, 8 
5 mmol) woe heated at 75°C in toluene (20 ml) for 2.5 hours. The mixture was 
concentrated to dryness in vacuo. The residue was dissolved in dichloromethane and 
washed with a 5% aqueous potassium caibonate solution and water, dried and concentrated 
in vacuo to give a pink solid (0.35 g). lids method is a variation of the one described in 
Sahirai et aL, 1995, Chem. Pharm. Bull. 44:1510, which is incorporated herein by 
10 reference. 

Step 2: 1 ^4-Cyanopbenyl)-2-imidazolylethan- 1 -one (from Step 1, 63 mg, 03 
mmol) was heated with DMFDMA (2 ml) at 105°C for 9 hours. The solvent was removed 
in vacuo and the residue was dissolved in dry THF (2 ml) and added to a mixture of 
amino[2-[(6~amino-5^tro(2-pyri 4-methylbenzene- 

15 sulfonate (105 mg, 03 mmol) and cesium caibonate (200 mg). The mixture was heated 
overnight at 80°C, then concentrated in vacuo. The residue was taken up in 
dichloromethane and washed with a saturated aqueous sodium bicarbonate solution. Hie 
organic layer was concentrated in vacuo. The residue was crystallized from ethanol/water 
to give yellow needles. 

20 HPLC: 17.68 min (100% purity) 

MS: MH*=^3 C2iHi8NioQ2 = 442g/mol 

Example 46 
. Synthesis of f4-(2.4Hfichloroi)hen^ 

pyridyl)amino1ethvl)amiiie 
25 A solution of 1 ^2,4^chlorophen>d)-2-imiazol-2-ylethan-l -one (prepared from the 

appropriate acid chloride and 2-methyl imidazole according to the procedure described in 
MaccoetaL,/. Org. Chem., 20252 (1985), which is incorporated herein by reference) and 
DMFDMA (10 ml/mmol of ketone) was stirred at reflux for 12 hours. After concentration 
of this solution, the resulting solid was redissolved in DMF (10 ml/mmol). CsjCCh (3 
30 mmol) and (2^5^tro(2-pyridyl)amino]ethyl)caiboxamidinium 4-methyIbenzenesulfonate 
(1.5 mmol) were added, and the mixture stirred for 8 hours at 100°C. The mixture was 
cooled, filtered and the filtrate diluted with ethyl acetate and washed with saturated 
aqueous sodium bicarbonate. Concentration of the organic layers yielded [4-(2,4- 
<fichl<m>phenyI)-5-^ 
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- Example 47 

Synthesis of r2-ff 6-aiDiDO-5-Ditro(2-Pvridyl))amiDo1cthvl> f4-(2,4-<iichlorDph€nvlV5- 
imida7X)l-2-ylpyrimidiii-2-Yilamine 
A solution of 1 -(2,4^iicWorophOTyl)-2-imiazol-2-ylethaii-l -one (prepared from die 
S appropriate acid chloride and 2-methylimidazole according to the procedure described in 
Macco et al., J. Org. Chan., 20:252 (1985), which is incorporated herein by reference) and 
DMFDMA (10 ml/mmol of ketone) was stirred at reflux for 12 hours. After concentration 
of this solution, the resulting solid was redissohved in DMF (10 ml/mmol). CS2CO3 (3 
mmol) and (2^6-ammo-5-mtro(2-pyridyl)am 4- 
10 mdhylbenzenesulfonate (1.5 mmol) were added, and the mixture stirred for 8 hours at 
100°C. The mixture was cooled, filtered apd die filtrate diluted wife ethyl acetate and 
washed with saturated aqueous sodium bicarbonate. Concentration of the organic layers 
yielded [2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} [4^2,4^cMorophenyl)-5-imidazol- 
2-ylpyrimidin-2-yi]amine. 

15 Example 48 

Synthesis of 445-imidazol-2-yl-2-(l2-r(5-nitiX)(2-pyri 

ylTbenzoiecaibonitrile 
A solution of 4-(2-midazoI-2-ylacetyl)besizenecaibonitriIe (prepared from die 
appropriate add chloride and 2-methylimidazole according to the procedure described in 

20 Macco et ah, X Org. Chem. y 20252 (1985) and DMFDMA (10 ml/mmol of ketone) was 
stirred at reflux for 12 hours. After concentration of this solution, die resulting solid was 
redissohred in DMF (10 ml/mmol). CS2CO3 (3 mmol) and (2-(5-nitro(2- 
pyrid^)amipo]ethyl)caAoxanridinhnn 4-methyIbenzeoesulfonate (1.5 mmol) were added, 
and die mixture stirred for 8 hours at 100°C. The mixture was cooled, filtered and die 

25 filtrate diluted with ethyl acetate and washed with saturated aqueous sodium bicarbonate. 
Concentration of die organic layers yielded 4-[5-imidazol-2-yl-2-( {2'[{S-m\xo(2' 
pyridyi)amino]ethyl}amino)pyrimi 

Example 49 
Synthesis of 442^(2-r(6-amincH5-iiitrote 
30 ylpvrimidin-4-ylTbgTOenecaibonitrile 

A solution of 4-(2-midazol-2-ylacelyl)benzenecarbonitrile (prepared from die 
appropriate acid chloride and 2-methylimidazole according to the procedure described in 
Macco et aL, 7. Org. Chern., 20252 (1985) and DMFDMA (10 ml/mmol of ketone) was 
stirred at reflux for 12 hours. After concentration of this solution, the resulting solid was 
35 redissolyed in DMF (10 ml/mmol). Cs^CO* (3 mmol) and (2-(6-amino-5-nitro(2- 
pyridyl)amino)e%l)carboxamidinium 4-methyIbenzenesulfbnate (1.5 mmol) were added, 
and die mixture stirred for 8 hours at lOCFC Hie mixture was cooled, filtered and the 
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filtrate diluted with ethyl acetate and washed with saturated aqueous sodium bicarbonate. 
Concentration of the organic layers yielded 4-[2^{24(6-amino-5HMtro(2-pyridyl))- 
aminojethyl} amino)-5-inudazol-2-ylpyr^ 

Example 50 

5 Synthesis of Ethyl 2-( (2"[(S-nitro(2-pyridyl))amino1edivl > amino)^4>pyri<h^l)pvrimidin&" 

~ 5-carboxylate 
This compound was prepared from ethyl 3-oxo-3-(4-pyridyl)propanoate and 
amino[2-[(5-nitro(2-pyridyl)aminp]^iyl} carboxamidinhim 4-methylbenzenesulfonate in 
accordance wife Solution Method A. 
10 HPLC: 17.78 min (90% purity) 

NMR(300 MHz, 5/1 acetonitrilc^d^O): 8.85 (d, 1H), 8.82 (s, IH), 8.80 (d, 2H), 8.01 
(dd, 1H), 738 (d, 2H), 6.43 (d, 1H), 4.10 (q, 2H), 3.60-3.80 (m, 4H), 1.06 (t, 3H). 

Example SI 

Synthesis of Ethyl ^gjntrgehgn^^ 
15 carboxylate 

This compound was prepared from ethyl 3n>xo-3-(3-nitrophe3ayl)propanoate and 
amino[2^-pyridylamiiK))ethyl]carboxamidiniuni 4-metfayIbenzenesulfonate in accordance 
with Solution Method A. 
HPLC: 21.25 min (90% purity) 
20 MS: MH + = 409 C20H19N6O4 = 408 gtool 

Example 52 
Synthesis of Ethyl 2^(24(S^troq-pyridy^ 
(trifhiororaethoxybhenyll^^ 
This compound was prepared from ethyl 3-oxo-3-{4- 
25 triftuoromethoxyphenyl)propanoate and amino[2-[(5-nitro(2~pyridyl)amino]ethyl } - 
carboxamidtnium 4-methylbenzenesulfbnate in accordance with Solution Method A. 
HPLC: 22.50 min (91% purity) 
MS: MH*=493 C 21 Hi9N tf O $ F3-472gtooi 

Example 53 

30 Synthesis of Ethyl 4^3.4^uonn>lMMyiy2^^ 

pyrid^)amino1ediyUamiDO>pyrin^ 
This compound was prepared from ethyl 3-oxo-3-(3,4-difluorophenyl)pn)panoate 
and amino[2^(5^tro(2-pyridyl)aniii^ 4-methylbenzenesulfonate 
in accordance with Solution Method A. 
35. HPLC: 17.96 nun (100% purity) 

MS:MH f = 445 CaftaNgO^ - 444 gtool 
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Example 54 

Synthesis of ethyl 4-r4^methvlsulfonvlblimvi1-2-( ( 2-r(5-nitro(2- 
pyridyl))anrinolethyl) amino)pyrimidine-S-<aiboxylate 
This compound was make from ethyl 3-(4-methylsulfonyiphaiyi)-3-oxopropanoate 
S and amino[2Hft5-nitro(2-pyridyl)amm^ 4-meihyIbenzenesulfbnate 
in accordance with Solution Method A. 
HPLC: 1121 min (100% purity) 
MS: MH* = 487 C 21 H 2 2N 6 0 6 S = 486g/mol ' 

Example 55 

10 Synthesis of Ethyl 4-r4-methylfciophenylV2-{(24(5>nitix)(2- 

pyridyl))amino1ethvl ) amino)pyrimidine~S-cari)oxvlate 
This compound Was prepared from ethyl 3-{4-methylthiophenyl>3-oxopropanoate 
and amino[2-[(5-mtro(2-pyridyl)amino]ethyl} caiboxamidinium 4-raethyIbenzenesulfbnate 
in accordance with Solution Method A. 
15. HPLC: 17.26 xnin (92% purity) 

MS:MH f -455 CiiH^^ =454g/mol 

Example 56 
Synthesis of Ethyl 4-r4-(dimethylamino)p^^ 

pyridyHtenunolethvl) amino)pyrimidine»5-carfaoxylate 
20 This compound was prepared from ethyl 3^4-dimethylaminophenyi)-3- 

oxopropanoate and amiiH)[24(5-nitro(2-pyridyl)ani^ 4-methyl- 
benzenesulfbnate in accordance with Solution Method A. 
HPLC: 9.0 min (90 % purity) 
MS:MH*=452 C22H25N7O4-45I gfaiol 

25 Example 57 

Synthesis of Ethyl 2^l24(6-amino-5-nitro(2^ 

<yanophen^)pyrhnidme-5-caifaoxylate 
Uris compound was prepared from ethyl 3-<4-cyanopbenyl>3-oxopropanoate and 
amino {2-[(6-amino-5-mtro(2-pyridyl))am^]ethyl } carboxamidinium 4-methylbenzene- 
30 sulfonate in accordance wife Solution Method A. 
HPLC: 25J21 min (83% purity) 
MS: MH* =449 C 2 iH2oNg0 4 =448 g/mol 
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Example 58 

Synthesis of Ethyl 4^4»imidazolvtohmylV2-(f2-r(5HUtrDf2' 
pyridyl))amino1ethyl) amiM^pyrinudin&'S-caiboxyi^ 
This compound was prepared from ethyl 3-[4^1 ~nmdazolyl)phenyI]-3- 
5 oxopropanoaie and ammo[2-[(5-nitn>(2-pyridyl)amino]dhyl}caiboxan^ 4-methyl- 
benzenesulfonate in accordance with Solution Method A. 
HPLC: 18.50 min (91% purity) 
MS: ME^= 475 QoH22N80 4 = 474 g/inol 

Example 59 

10 Synthesis of Ethyl 4>(4-efliylphmylV2-((2-r(5<iitrof2> 

pyridyfl)amino1ethyl}amiTO 
This compound was prepared from ethyl 3-(4-ethylphenyl)-3-oxopropanoate and 
amino[2-[(5-nitro(2*pyrid^^mino]^iyl} caiboxamidinium 4-methyIbenzenesulfbnate in 
accordance with Solution Method A. 
15 HPLC: 32.45 min (95% purity) 

MS:MH^ = 437 C22H2^60 4 = 436g^mol 

The following additional compounds were prepared according to Solution Method 
A using the appropriate caibonyl containing compound and guanidine. 

Ethyl 4^2-fuiyl)-2-t(2K2-pyridyl)ethyl)amino 

20 Ethyl 4^3-mtrophenyl)~2^(2^2-pyridyl)ethyl) 

Ethyl 4^4-fluorophenyl)-24(2K2-pyridyl)e&^ 

Ethyl 4K4-methoxyphenyl)-2^(2<2-pyridy^^ 

Ethyl 4^4-cyanophenyl)-2«[(2^2i^dyl^ 

2-{ {24(5-iutro(2-pyridyl))aniiiio]ethyl} amino)^(4-nitroph^yl)pyrimidin^5K^rboxyii^ 
25 add 

Ethyl 4^4-fhiorophenyl)-2^{2-[(5^^ pyrimidine-5- 
■*. caiboxylate 

Ethyl 2^{2-[(5-nitio(2-pyridyl))amino]etty^ 
caiboxylate 

30 Ethyl 2K{2-[(5-nito(2-pyridyi))amino]efliyl}axn^ pyrimidin^S- . 

caiboxylate 

Methyl 2^{2^(5-nitro(2-pyridy^^ 
caiboxylate 
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Ethyl 2^{2^(5-mtro(2^yridyl)) pyrimidine-5- 
cacboxylate 

Ethyl 4-{3>4>is(triflu<mmie%^ 
pyrinudine-5-carboxylate 

5 Ethyl 2K{24(5-nitro(2-pyridyO^^ pheayl]- 
pyrhrridin e-5-carboxylate 

Ethyl 2^{2-[(5HMtro(2-pyri^ phenyl] - 

pyrimidine-5-carboxyiate 

Ethyl 4^5-biomo(3-pyridy^ pyrimidiiie-5- 
10 carboxylate 

Ethyl 4^2/Wi^rophenyl)-2^ pyrimidine-5- 
carboxyiate 

Ethyl 4-{2,4^dichlorophenyl>2-{ {2-[(5-mtro(2-pyridyl))amino]ethyl } amino) pyrimidine-S- 
carboxylate . . 

1 5 Ethyl 4^4-cyaiK>phmyl)-2-{[2~{pyrinu 
carboxylate 

Ethyl 4^4-medK>xyphenyI>2<{2^(^ 
carboxylate 

Ethyl 4-(3-cyam>phfinyl^ pyrimidine-5- 
20 carboxylate 

Ethyl 4^4-<yanopheny]>2^{2^(4Hm 
carboxylate 

Ethyl 4^3-fluorophenyl)-2^{2^ pyrimidine-5- 
carboxylate 

25 Ethyl 4^33^chlon>pfaimyl>2^{2-[^ pyrimidine-5- 
carboxylate 

4-[5-(methylso^^ 

yijbenzenecarbonitrile 

Bthyi 2<{2-[(5^tn<2^yridyl))^^ pyrinridine-5- 
30 carboxylate 

Ethyl 4^4-cM(m)pheayl)^ pyrimidine-5- 
carboxylate 

Ethyl 4-(4-bromophe^ pyrimidine-5- 
carboxyiate 
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Ethyl 4Hoaphthyl-2^{2HX5-mto 

Ethyl 2-({2-[(5-i]itro(2-pyridy0^^ pyrimidine-5- 
carboxyiate 

Ethyl 4^2H-b€^[3/M]l^oxolei^^^ ethyl}- 
5 amino)pyrimidine-5-cart)Oxylate ' 

Ethyl 4-(4-butoxyphenyl>2^ pyrimidin&-5- 
caAoxylate 

^[(2-{[4-(4-cyanopheayl)^ amino}- 
pyridine-3-caiboxylic add 

•* 

10 tert-Butyl 4-(4-cyanophenyl>2-({2-[(^ pyrimidiB€>-S- 
caiboxylate 

tert-Butyl 6-[(2-{[4^4-cyam>phe!^^ 
aminojpyri dine-3-carboxylate . 

Methyl 4<4^yaiu>pheayl>2^{2-[(5^ pyrimidine-5- 
15 carboxylate 

Methyl 6-[(2-{[4^4-cyanophmyl^ 
amino]pyridine^3-carboxylate 

Ethyl 4-(4-cyanophenyl>2-[(2-{^ amino}- 
ethyl)amino]pyriinidine-S-caiboxylate 

20 Ethyl 4-(4-cyanofchenyl>2-^^ 
axuiiko]pyrimi<KTie-S-carfaoxylate 

4-[5-mtro-2<{2-[(5-^ benzene- 
carbonitrile 

Ethyl 4-(4-cyanophenyl)-2-{[2-({5-m^ ethyl]- 
25 amino}pyrimidin&-5-cari>oxylate 

Ethyl H4-<4-metbyl^^ ethyl}- 
amino)pyrimidin&-5-caihoxy]ate 

Ethyl 2<{2-[(5-cyano(2-pyridyI)^^ pyrimidine-5- 
caAoxylate 

30 Ethyl 4<4-cya]^h(»yl^ 

amino]pyrimidine-5K»rboxjiflte 

Ethyl 2^{2-[(5-xutro(2^dyl))amino]eth^ 
pyrimidine^5-carboxylale 
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Ethyl 2^{2^(4-amino-5-mtr^ 
pyrimitfn©-5-caiboxylate 

Ethyl 2^{2^(6-amino-5-mtro(2-p^ 
yl)phenyl^yrimidine-5-carboxylate 

5 Ethyl 4-[4<melhylethyl)ph^ 
pyrimi din e-5-carboxylate 

Ethyl 4^4<tet-brityl^^ pyrimidme^ 
S-cathoxylate 

Ethyl 4^3>dicWoiophenyl)-2^{2-K^ pyrimidine-5- 
10 carboxylate 

Ethyl 4-(3 f 4-dimethoxyphaiyl)-2-{ {2-[(5^tro(2-pyridyl))amino]efltyl}amino) pyrimidine- . 
5-caiboxyIate 

Ethyl 4-[Htf^yknri^ 

pyrimidine^S-carboxylate 

15 2-{ {2-[(5-mtro(2-pyridyl))anm^ pyrimidine-5- 
carboxylic add 

Ethyl 4^4-methylphenyl>2^^^ pyrimidin^S- 
carboxylate 

Ethyl 4^2-naphthyl>2^{2-[(5n^ 
20 caiboxylate 

Ethyl 4-(3,4^iinuAylphea^^^ pyrimidine- 
5-caiboxylate 

Ethyl 2-{ {24(4-amino-5K^anopyriirudin-2-yl)amin amino>4-{4- 
cyanophCTyl)pyxinudine-5-<aji)oxyl^ 

25 4-(2-methoxypheiiyi)-2^{^^ 
carboxylic acid • • 

Ethyl 4-(4-cyanophenyl)-2-{|>^ 

2^{2-[(6-amino-5^tro(2-pyri 
pyrimidine-5-caiboidtrile 

30 ^^cUoiophenyi^-^^ pyrimidine-5- 
■ carbonitrile 

Ethyl 2<{2-K5H^2-pyridy^^ 
phenyl)pyrimidine-5-(irboxylatB 



WO 02/20495 



PCT/US01/42081 



2 K{M(^amino-5-nitro(2-pyridyl))amiim 
pyrimidine-5-caibonitrile 

4-(2A<fcchlorophenyl>2^{2-[(5^t^ pyrimidine-5- 
carbonitrile 

5 2^{2-[(6-amincH5-nitro^ 

pyrimidine-5-carboxyiic acid 

Ethyl 2-{ {2-[(5-amino(2-pyridyl))amino]e*hyl} amino)-4^4-cyanopheaiyl) pyrimidine-5- 
carboxylate # 

Example 60 

10 Solution Phase Synthesis 

(Solution Method B) * 
A ketone with a CH 2 or CH 3 group adjacent to die carbonyl group was heated in 
neat N,N-^ethyiformamide dimethyl acetal (DMFDMA) at 90-1 1 0°C for 5 to 24 hours, 
usually 8 to 14 hours. The excess DMFDMA was then removed by rotary evaporation to 

IS give the intermediate enanrinoketone as an oil or solid This intermediate could be 
crystallized if desired, but was usually used in crude form in the next reaction step. The 
enaminoketone was dissolved in an appropriate solent such as THE, ethanol, isopropanol 
or for syntheses where a higher reaction temperature was desired, in NMP (ca. 1-2 ml of 
solvent for 0.3-1 mmol of starting ketone). 

20 Tins solution was then added to a mixture of a guanidine (1 equivalent) and a 

suitable base such as sodium ethoxide (freshly prepared), cesium carbonate or powdered 
sodium hydroxide. The usual combinations were cesium carbonate in THF or sodium 
ethoxide in ethanol or sodium hydroxide in isopropanol or cesium carbonate in NMP, 
although other base and/or solvent combinations can be used. The reaction was Arm 

25 heated at 80-125°C (depending on die boiling point of the solvent) for 12 to 66 hours. 

Small scale (Le., 0.2-1 mmol) reactions woe conducted in screw cap vials. The 
vials were placed into predrilled thennostated aluminum blocks (Digi-BIock, Laboratory 
Devices, Holliston, Massachusetts) and shaken on a gyrotary shaker (Lab-line Model 
G-2). After completion of the reaction, die vials were cooled; and their contents poured 

30 into dichloromethane or ethyl acetates, then washed with saturated aqueous sodium 
bicarbonate solution. The organic layer was concentrated in vacuo and the product was 
precipitated or crystallized, usually by addition of water to acetomtrile or ethanol solutions 
of the product In some cases chromatographic purification wa$ performed, either by semi- 
preparative HPLC or by radial chromatography using silica gel plates on a Chromatotron 

35 (Harrison Research, Palo Alto, CA) ehiting with mixtures of dichloromethane and 
methanol. Larger scale reactions were performed in round bottom flasks using typical 
organic chemistry apparatus. 
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. Examples 61-66 describe the synthesis of compounds prepared pursuant to Solution 
Method B. 

Example 61 

Synthesis of f2^2-pyridylammo)eflivl1(4^3-py^ 
5 3-Acetjdpyridine (0.5 mmol) was heated with DMFDMA (300 \d) at 90°C for 8.5 

hours. Hie solvent was removed by rotary evaporation. The residue was dissolved in 
isopropanol (2 ml) and added to 170 mg (0.5 mmol) of amino[2-(2- 
pyridylamino)ethyi]carboxamidinium 4-methyIbenzeaesulfonate* and powdered sodium 
hydroxide (70 mg). The mixture was heated at 85°C overnight, thai concentrated in 

10 vacuo. The residue was taken up in dichloromethane and washed with a saturated aqueous 
sodium bicarbonate solution. The organic layer was concentrated in vacuo. The residue 
was taken up in acetonitrile. Addition of water gave a precipitate that was filtered off and 
dried to give the title compound 
HPLC: 93 min (100% purity) 

15 NMR (300 MHz, 5/1 acetomtrileKij/DA 75 °Q: 920 (s, 1H), 8.65 (d, 1H), 8.2-8.4 (m, 
2H), 7.94 (d, 1HX7.50 (dd, 1H), 7.38 (t, 1H), 7.10 (d, 1H), 6.50 (m, 2H), 3.70 (t, 2H), 350 
(t,2H) 

Example 62 

Synthesis of (5-Ethyl^phenylpyrimid^ 

20 Butyrophenone (OS mmol) was heated with DMFDMA (300 pi) at 90°C for 8.5 

hours. The solvent was removed by rotary evaporation. The residue was dissolved in 
isopropanol (2 ml) and added to 170 mg (0.5 mmol) of amino[2-(2- 
pyridylammo)etbyl]caiboxamidinium 4-methyIbenzenesulfbnate and powdered sodium 
hydroxide (70 mg). The mixture was heated at 90°C overnight, then concentrated in 

25 vacuo. The residue was taken up in dichloromethane and washed with saturated aqueous 
sodium bicarbonate. The organic layer was concentrated in vacuo. The residue was taken 
up in acetonitrile. Addition of water gave a precipitate which was filtered off and dried to 
give the title compound 
HPLC: 17.46 min (98% purity) 

30 MS:MH f =320 CigH2iNj = 319g/mol 

Example 63 

Synthesis of R = (2 > 5 : djme^ 
Step 1: 2,5-DimethoxyphenethyIamine (1.08 g, 6 mmol) was shaken with 
benzotriazole caiboxamidinium 4-methylbenzenesulfonate (2.0 g, 6 mmol) and DIEA 
35 (1.05 ml, 6 mmol) in dry acetonitrile (10 ml) at room temperature overnight Addition of 
ether resulted in the precipitation of amino[2^2,5-dimeftioxyphCTyl)ethyl]- 
carboxamidinium 4-methyIbenzenesulfbnate as a white solid. 
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Step 2: 3-Acetylpyridine (37 m& 0.3 mmol) was heated at 100°C in DMFDMA (1 
ml) for 8 hours. Hie solvent was removed by rotary evaporation and the residue was 
dissolved in dry THF (2 ml) and added to a mixture of cesium carbonate ( 1 60 mg) and 1 20 
mg (0.3 mmol) of the guanidine prepared in Step 1. The mixture was then heated at 80°C 
S overnight, then concentrated in vacuo. The residue was then taken up in dichloromethane 
and washed with a saturated aqueous sodium bicarbonate solution. The organic layer was 
concentrated in vacuo. The residue was taken up in ethanol (2 ml). Addition of water 
gave a precipitate which was filtered off aqd dried to give die title compound. 
HPLC: 18.03 min (100% purity) 
10 MS:MH*=337 Ci9H2oN<02 = 336g/mol 

Example 64 

Synthesis of r4^4-Morpholin^ytohenyl)pvi^ 
pyridyl))ammo1eAvU amine 
4-Moipholinoacetophenone (0.633 g, 2.5 mmol) was heated at 100°C in 4 ml of 
IS DMFDMA for 9 hours. The mixture was concentrated to a viscous oil by rotary 
evaporation. The oil was redissolved in isopropanol (10 ml) and treated with amino[2-[(5- 
nitro(2-pyridyl)amino]ethyl} caihoxamidinhim 4-methylbenzenesulfonate (1.0 g, 2.5 
mmol) and powdered sodium hydroxide (200 mg). This mixture was heated at 80°C 
overnight The cooled mixture was diluted with dichloromethane and washed with 
20 saturated aqueous sodium bicarbonate solution. The organic layer was concentrated in 
vacuo, the dissolved in acetonitrile. The product was precipitated by addition of water. 
The brown solid was recrystaEzed from isopropanol to give the tide compound. 
MJ\ 223-225°C (with decomposition) 

Elemental Analysis; CjjHjjNtOs. 0.7 H2O requires C 58.10 HS.66 N 22.59. 
25 found C 58.02 H 5.30 N 2239 
HPLC : 20.85 min (100% purity) 
MS: MH* -422g/mol (FW=421) 

NMR (DMSO^): 3.30 (m, 4H), 3.60 (m, 4H), 3.75 (m, 4H), 6.58 (d, 1H), 6-95 (in, 3H), 
8.00 (d, 2HX 8.10 (d, 1H), 8^5 (d, 1H), 8^0 (s, 1H) 

30 Example 65 

Synthesis of f4^2,4^(^orophenviy5^vIp^ 
pyridyl))amino1ethvl}amine 
Step 1: A mixture of 2,4-dichlorobenzoyl chloride (4.5 g) and copper (I) iodide 
(200 mg) in dry THF (30 ml) was cooled to -20°C under argon. Then a solution of n- 
35 propyl magnesium chloride (2 Min ether, 11.0 ml) was added dropwise. Ten minutes after 
addition was complete, the cooling bath was removed and the mixture stirred for 1 hour. 
Water was carefully added, followed by extraction with toluene. The toluene layer was 
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washed with dilute HC1, water, saturated sodium bicarbonate solution, dried and 
concentrated in vacuo to give 1 -(2,4-dichlorophenyl)butan- 1 -one (4.0 g). 

Step 2: The ketone from Step 1 (10S mg> 0.5 mmol) was heated at 95°C overnight 
with DMFDMA (1.5 ml). The solvent was removed in vacuo and die residue was 
5 dissolved in dry ethanol (2 ml) and added to a mixture of amino[2-[(5-mtro{2- 
pyridyi)amino] ethyl } caibox am i riinium 4-methyIbeozenesulfonate (200 mg), 1.0 M sodium 
ethoxide (0.6 ml) and dry ethanol (2 ml)/ This mixture was heated at 85°C overnight, then 
concentrated in vacuo, redissolved in dichloromethane and washed with saturated sodium 
bicarbonate solution. The organic layer was concentrated in vacuo. The residue was 
10 purified by chromatography on silica gel using 10% methanol in dichloromethane to give 
an oily product Lyophflization from acetonitrile/water gave the title compound as a solid 
HPLC: 29.56 (85% purity) 
MS:MH*=433 CistfigNgClaQz - 432 g/mol 

Example 66 

15 Synthesis of r4^4-imidazolylphenyi)^^ 

pyridyl>)amino1ethyl)amine 
4-(l-Imidazolyl)acetophenone (57 mg, 03 mmol) was heated with DMFDMA (1 

ml) for 8 hours at 105°C. The solvent was removed in vacuo and the residue was 

dissolved in dry THF (2 ml) and added to a mixture of amino[2-[(5-nitro(2- 
20 pyridyl)amino]ethyl} carboxamidinixnn 4-methyIbenzenesulfonate (120 mg, 03 mmol) and 

cesium carbonate (200 mg) and heated overnight at 80°C, then concentrated in vacuo, . 

redissolved in dichloromethane and washed with a saturated sodium bicarbonate solution. 

The organic layer was concentrated in vacuo. The residue was purified by crystallization 

to give the tide compound. 
25 HPLC: 15.17 min (100% purity) 

NMR (300 Mhz, DMSO-d«): 8.90 (s, 1H), 838 (d, 1H), 830 (s, 1H), 8.22 (d, 2H), 8.05 (d, 

1H), 7.75 (d, 2H), 7.20 (s, IHX 7.15 (d, 1H), 6.58 (d, 1H), 3.60 (m, 4H). 

Hie following additional compounds were similarly prepared according to Solution 

Method B by varying the ketone and guanidine used: 

30 (4-phenylpyrimidi^ 

4^2-{p^2^yridylamiiH>)ethyl]am ^ 

(4^henylpyrimid^ 

4- {2Hft2^2-pyridyI)e1hyl)amino]pyrin^ 

[4^4-nitrophenyl)pyrimidin-2^ 
35 [4^4-imidazolylphe^ 
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[4-(3,4^fluoiopheayI)py^^ 
[2-<2-pyridylamino)ethyl] {4-[4^trifluorometho 
[4-(2,4^ddorophenyl^^ 

[4<4-chlorophenyl)-5^eihylpyriiin . 
5 [4^4-me%l-l-phenylpy^ 

3- [2^{2-[(5-mtro-2-pyridyl)a^ 

[4-(2,4-dimelhyl(l^to 
ethyl}amine 

{2-[(5-mtro(2-pyridyl))ai^^ 

10 [4-phenyl~5-benzylpyriim 

4- [2-( {2^(5-nitn)-2-pyridyl)amino3ethyl} amiix>)pyriinidii^ 

{4-[4-(4><iichloioi^^ 
ethyl}amine 

4-(2-{[2-(2^-dimetho^^ 

15 [2-<2>dimethoxyphenyl)^ 

. [4^4-beozimidazoly^ 

4-[5-imidazolyl-2-({24(5^tro(2-pyridyi))amino 
caibonitrile 

4-[2-({2-[(6-amino-^ . 
20 yijbeaazenecarbomtrile 

[4-(2,4-dichlorophenyl)-5-im^ {2-[(5noitTD(2-pyridyl))amino}- 
ethyl}amine 

{2-[(6-amino-5-m^ 

pyrimidin~2-yl3arQiiie 

25 [4-(2,4-dime&^ 
ethyl} amine 

e&yl 4-[2-{ {2^(5-nitn>-2--pyridyJ)amiiio] ethyi} amino)p>Timidin-4-yl]ben2oate 
4-(2- { [3 ^4-pheayliinida2olyl)pit)pyl}airdno}pyrim 
(3^eazinridazolylpropyl)[^ 
30 N-{4-[2^{2-[(5-nitro-2^yridyfy 
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Example 67 

Synthesis of f 5^4^uorophenylfoyrimidin-2-vri (2-f ( 5-nitro(2- 
pyridylflaminolethvUamine 
(Solution Method CD 

5 Step 1: Dry DMF (22 ml) was cooled to 0°C under argon. Phosphorous 

oxy chloride (92 g) was added dropwise to the cooled DMF. The mixture was removed 
from fixe cooling bath and stirring continued for 1 hour. Then, 4-fhiorophenylacetic add 
(3.08 g, 20 mmol) was added as a solid and the mixture was heated at 8S°C for 6 hours. 
After the mixture was cooled to room temperature it was poured onto approximately lOOg 
10 of ice with stirring. A solution of sodium perchlorate monohydrate (3.66 g) in water (10 
ml) was added. The precipitated solid was filtered, washed with water and dried in vacuo 
to give [(2~B^)-3^(imefcylamiro)-^ 

ammonium perchlorate. This procedure is described in Church et al, J, Org, Chem, y 
60:3750 (1995), which is incorporated herein by reference. 

15 Step 2: The vinylogous amidinium salt obtained in Step 1 (100 mg, 03 mmol) was treated 
with dry ethanol (2 ml) and amino {2-[(5-nitro(2^yridyl)am^ 4- 
me&ylbenzenesulfbnaie (180 mg, 0.45 mmol). Then, 0.45 ml of a 1.0 M solution of 
sodium ethoxide in ethanol was added and the mixture was shaken 0.5 hours at room 
temperature. Another 03 ml of sodium ethoxide solution was added, followed by heating 

20 at 70°C for 2 hours. The solvent was removed in vacuo. The residue was partitioned 
between dichloromethane and water. The organic layer was dried and concentrated in 
vacuo, then the resulting residue was dissolved in acetonitrile. Addition of water to the 
residue/acetonitrile mixture caused the tide compound to precipitate as an orange solid 
HPLC: 18.49 min (80% purity) 

25 NMR (300 MHz, DMSOnk 8.90 (d, 1H), 8.60 (s, 2H), 8.12 (dd, 1H), 7.65 (m, 2H), 7.24 
(m, 2H), 6.60 (d, 1H), 3.58 (m, 4H) 

Example 68 
Synthesis of Ethyl 4-K2.4HHcMorophea^^ 

pyridyflaminolethyll amino)pyrimidine-5-caiboxyiate 
30 (Solution Method D) 

Step 1: Ethyl 2,4^c^oropyrimidine-5-carboxylate (0.49 g, 2 mmol) and 2,4- 
ctichloroaniline (033 g, 2 mmol) and DIEA (035 ml, 2 mmol) in acetomtrile (6 ml) were 
heated at 80°C for 36 hours. The mixture was cooled and the crystalline product, ethyl 4- 
[(2,4-dichloropheayl)arnino^^^ 034 g was filtered off, 

35 NMR ( 300 MHz,CDCb): 8.90 (s, 1H), 8.44 (d, 1H), 7.45 (d, 1H), 732 (dd, 1H), 4.45 (q, 
2H),1.45(t,3H)]. 
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Step. 2: The pyrimidine from Step 1 (69 mg, 02 mmol) was heated with DIEA 
(100 fiL), and (2-aminoethylX5-mtro(2-p>ddyl))anrine (36 mg, 0.2 mmol) in NMP (3 ml) 
at 105°C for 14 hours. The reaction was cooled, poured into wate and extracted with ethyl 
acetate. The organic layer was separated, washed with water, dried, then concentrated in 
5 vacuo. The crude product was purified by radial chromatography on silica gel, followed 
by crystallization from a mixture of acetonitrile, methanol and water to give colorless 
crystals. 

HPLC: 3032 min(>95% purity) 

MS: Mtt = 492^*94 (cluster) QJIviNiOjCk = 492 gfaiol 

10 Example 69 . 

Synthesis of tot-Butyl 6-f(2-(r4-{4-cyaiu)plienyl)-5-^ 

yllamiiK)! ethyl)aniinolpvridine-3-carhoxvlate 
Step 1: £CMoro-pyridine-3-carboxylic acid (5.6 g, 36 mmol) was treated with 
l,r-caibonyldiimidazole (6.93 g, 42 mmol) in DMF (40 ml) at 40°C for 1 hour. Then, t- 
15 butanol (9.5 ml, 0.11 mol) and l,8-Dia2abicyclo[5.4.0]undec-7-«ie (DBU) (538 ml, 36 
mmol) wore added and heating continued overnight The mixture .was cooled to room 
temperature and diluted with ether (300 ml). The mixture was extracted once with water. 
The aqueous layer was back-extracted twice with dichloromethane. The combined organic 
layers were washed with a saturated aqueous citric add solution, dried and concentrated in 
20 vacuo to give a cream colored solid (7.07 g). 

(NMR (300 MHz, CDCfe): 8.92 (d, 1H), 8.20 (dd, 1H), 7.40 (d, 1H), 1.60 (s, 9H)). 

The tot-butyl 6^Woropyridine-3-carboxylate was heated with ethylenediamine (20 
nil) at 80°C overnight The solvent was removed in vacuo. The residue was partitioned 
between dichloromethane and 2.5 M aqueous sodium hydroxide solution. The aqueous 
25 layer was extracted a further three tunes with dichloromethane. The combined organic 
layers were washed with water, dried and concentrated in vacuo to give tot-butyl 6-[(2- 
amino^yl)ainino]pyridine-3-carboxylate. 

NMR (300 MHz, CDCfe): 8.70 (s, 1H), 7.95 (d, 1H), 6.40 (d, 1H), 3.42 (m, 2H), 2^6 (m, 
2H),1.70(s,9H) 

30 Step 2: t-Butyl 6-[(2-aminoethyl)amino]pyridine>-3-carboxyla^ (1.42 g, 6 mmol), 

benzotriazole caiboxami dinrmn 4-methyIbenzenesulfbnate (2.0 g, 6 mmol) and DIEA 
(1.05 ml, 6 mmol) were shaken in a mixture of dry acetonitrile (10 ml) and DMF (2 ml) 
overnight Ether was added, followed by cooling 4 days at 4°C. The solid was filtered off 
and dried in vacuo to give tot-butyl 6^{[(2-(amirimoarnmonium) 

35 carboxylate 4-mefliylbenzenesulfonate (1.87 g). 

NMR (300 MHz, DMSO-d* 8.55 (br s, 1H), 7.80 (d, 1H), 7.55 (d, 2H), 7.10 (d, 2H), 6.50 
(d, 1H), 350 (m, 2H), 330 (m, 2H), 230 (s> 3H), 1 52 (s, 9H). 
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Step 3: Ethyl 3-(4-cyanophmyl)-3-oxopropanoate (217 mg, 1.0 mmol) was heated 
withDMFDMA(200fd)indryTOT To the cooled solution 

was added tert-butyl 6-{[(2^amidinoammonium)ethyl]ai^^ 4- 
methylbenzenesulfbnate (451 mg, 1.0 mmol) along with dry ethanol (4 ml) and 1.0 M 
5 sodium ethoxide in ethanol (12 ml). The mixture was heated at 80°C overnight The 
solvents were removed in vacuo. The residue was partitioned between dichloromethane 
and the saturated aqueous sodium bicarbonate solution. The organic layer was 
concentrated in vacuo. The residue was dissolved in acetonitrile. Addition of water gave 
the title compound as a solid (230 mg). 
10 HPLC: 25.90 min (80% purity) 

MS: MH* - 489 =488 g/mol 

Example 70 
Synthesis of 6-f(2- If 4^4-cyanopheayl>5^ 

yllamino) dh\d)aminoTpyridme-3-carboxylic Add 
15 tot-Butyl 6-[(2- {[4^4-<yanophenyl)-5-ethox^ 

yl]amino}ethyl)anuno]pyri(Hne-3-carboxylate (prepared in Example 62, 220 mg) was 
shaken with 100% TFA for 1 hour at room temperature. The TFA was removed in vacuo. 
The residue was dissolved in acetonitrile and water was added No precipitate formed. 
. Several drops of concentrated ammonium hydroxide were added. Then glacial acetic acid 
20 was added dropwise until white solid formed. The mixture was then filtered to give the 
title compound as a white solid (1 80 mg, after drying). 
MS:MH + = 433 Q^UrfcO*- 432 g/mol 

NMR (300 MHZ, DMSOd^ 8.80 (s, 1H), 8.58 (s, 1H), 7.85 (d, 2H) , 7.80 (m, 1H), 
7.60 (d, 2H), 6.50(d, 1H), 4.05 (q, 2H), 335 (m, 4H), 1.05 (t, 3H). 

25 Example 71 

Syndesis of Methyl 6-r(2-ir4-(4-cyanopheiiy^^ 

yllaminol ethyl)aminoTpyridfae-3-caiboxylate 
Step 1: 6^(2-{[4^4-cyai*>pheayl)-5-efi^ 
amino]pyridine~3-caiboxylic acid (prepared in Example 70, 120 mg) was dissolved in 
30 thionyl chloride (3 ml) and then warmed at 50°C for 0.5 hours. The solvent was removed 
in vacuo to give Grade ethyl 2^{2-[(5-(cMorocait>onyl)(2^ 

(4^ano^enyi)pyrimidine-5Kaiboxylate. This compound was dissolved in dry. 
dichlorometbane (4 ml). 

Step 2: The add chloride solution prepared in Step 1 (1.0 ml) was treated with dry 
35 methanol (1 ml). After standing approximately 1 hour at room temperature, the solvent 
was removed in vacuo to give the title compound. 
HPLC: 20.90 min (95% purity) 
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MS:MH + -447 GaHnNrffe 8 446 gAnol 

Example 72 

Synthesis of Ethyl 4^4~(^mophenyl)-24(2-(rS^ 
tmidyl)1aminolethyl)aminotoyrimi^ 
5 The solution of ethyl 2<{2-[(Htidorocaxbon^^ 

(4-<yanophmyl)pyriinidine-5-caiboxylate in dichloromethane prepared in Step 1 of . 
Example 71 (1.0 ml) was treated at room temperature with a solution of moiphpline (ISO 
jiL) in dichloromethane (1 ml). After 1 hour the solvent was removed in vacuo to give the 
title compound. 
10 HPLC: 19.63 miii (96% purity) 

MS:MH f =5Q2 C2&Z1U7O4 = 501 gftnol. 

Example 73 

Synthesis of Ethyl 4-(4-cyanopheayl-2-{r2-( I 5-nitro^Ibenzylaminol(2- 
pyridyl)}amino)ethyllamino) pyrimidine-5-carboxylate 

IS Step 1: 6-CUon>-3-nitro(2-pyridyl))benzylamine was prepared in accordance with 

the method described in von Bebenberg, Chemiker-Zeitung, 103:387 (1979), which is 
incorporated herein by reference. This amine (1.8 g) was heated with ethylenediamine (5 
ml) in acetonitrile (15 ml) at 100°C for 3.5 hours. The solvent was removed in vacuo and 
the residue was partitioned between dichloromethane and 2.5 M aqueous sodium 

20 hydroxide solution. The aqueous layer was extracted 3x further with dichloromethane. 
The combined organic layers were washed with a saturated sodium chloride solution, dried 
and concentrated in vacuo to give a yellow solid. 

NMR (300 MHz, CDCfe): 8.10 (d, 1H), 7.2-7.4 (m, SH), 5.80 (s, 1H), 4.80 (AB q, 2H), 

3.42 (m,2H), 2.85 (m,2H). 
25 Step 2: The amine from Step 1 (1.31 g) was treated with benzotriazole 

carboxamidnrium 4-methyibenzenesulfonate (1.52 g) and DIEA (800 jil) in acetonitrile (15 

ml) at room temperature overnight The mixture was diluted with ether, then filtered to 

give die guanidine, amino [2^{5-nitro-6-(benzylaini^^ 

carboxamidinium 4-methylbenzenesulfbnate, as a yellow solid 
30 NMR (300 MHz, DMSO-dg): 8.02 (d, 1H), 7.72 (d, 2H), 730-7.40 (m, 5H), 7.10 (d, 2H), 

6.00 (d, 1H), 4.78 (AB q, 2H), 3.50 (m, 2H), 3 JO (m, 2H), 2^5 (s, 3H). 

Step 3: Ethyl 3-(4-cypnophen^)-3-oxopropanoate (65 mg, 03 mmol) was heated 

with DMFDMA (60 \sL) in THF (1 ml) at 70°C for 3 h. This solution was then added to a 

mixture of the gnamdine prepared in Step 2 (150 mg, 03 mmol), dry ethanol (1 ml) and 
35 1.0 M sodium ethoxide in ethanol (035 ml) and heated at 80°C overnight The solvents 

were removed in vacuo. The residue was partitioned between dichloromethane and 

saturated aqueous sodium bicarbonate solution. The organic layer was concentrated in 
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vacuo. Hie residue was dissolved in acetonitrile. Addition of water gave die tide 

compound as a yellow solid. 

HPLC: 34.06 min (98% purity) 

MS: MH+ = 539 C28H26N 8 0 4 = 538 g/mol 
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Example 74 

Preparation of r4^2»4-<ficMo^ 

pyridyTflaminolethyl I amine 



a 









0 



NH 



H 

5 L Preparation of WZ4Hii(^oiopheaYlV2'iimdazol-2-vl^fafln^l -one. 

A solution of 2,4-dichlorobenzoyl chloride (9.75 M) in dichloromethane (75 ml) 
was added dropwise over 30 minutes to a stirred solution of 2-methylimidazole (2) (0.49 
M) in dichloromethane (500 ml) and JV^Kisopropylethyiamine (Hunig's base) (136 ml). 
(Re£ Macco, A. A.; Godeftoi, E. P.; Drouen, J, J. ML, J. Org. Chenu 1975, 40, 252-255.) 

10 The reaction mixture was cooled during the addition using an ice-water bath. The reaction 
mixture was then heated to reflux for 3.5 hours. A thick reddish black mixture forms. To 
dilute the thick heterogeneous reaction, additional dichloromethane (100-200 ml) was 
added as needed to maintain stirring. On cooling dichloromethane (500 ml) was added, 
and the solution was transferred to a separatory runnel. The organic layer was washed with 

15 distilled water (3 x 200 ml). An emulsion formed that breaks apart on sitting for 15 
minutes or by filtering. The wet organic layer was directly concentrated under reduced 
pressure without drying. The solid product was then dried in vacuo for several hours. 

To the dry solid (described above) was added a solution (2:1 v/v, 500-600 ml) of gla. 
acetic add and aq. con. HCL Hie mixture was then stirred at reflux for ca. 75 min. The 

20 acetic acid was removed via rotary evaporator. Distilled water (800 ml) and benzene (400 
ml) were added to the solid residue which was vigorously stirred for 15 ™*v Hie solids 
woe filtered of£ and the filtrate was transferred to a separatory funnel After the organic 
layer was discarded, die aqueous layer was washed with benzene (4 x 150 ml). The 
aqueous layer was transferred to a large beaker (4 L) and diluted with isopropyl ether (1 00 

25 ml). The sthred mixture was basified (pH 7-8) by carefiil addition of sodium bicarbonate 
which leads to the formation of a white solid. After 2 hours of additional stirring the 
desired solid was filtered, washed with distilled water (3 x 60 ml), isopropyl ether (2 x 60 
ml), and dried in vacuo overnight giving 1 ^2 > 4^chlorophenyl>2-imidazol-2-yl^han- 1 - 
one in 56% yield. 
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2. Preparation of (2ZH^2,4^cfaloropheny^^ 
ea-l-one. 

A mixture of 1 ^2,4KiicUoropheayl)-2-imidazol'2-ylethan»l -one (039 M) in NJtf- 
dime&ylfonnamide dimethyl acetal (DMFDMA) (150 ml) was stirred for 2.5 h at 70-75 
5 °C. Hie DMFDMA was then removed under reduced pressure and dried under high 
vacuum for several hours giving an orange-yellow solid 4 in quantitative yield Hie 
product (2Z)-H2 > 4^chlorophenyl)-3^dra 
was typically used without further purification. 

3. Preparation of ammo(24(5-mtro(2-pvridyl))ai^ hydrochloride. 
10 A mixture of 2^-aminoediylannno)-5-nitropyridine (0.47 M) (purchased from 

Aldrich, or made by reacting ethylene diamine with 2-chloro-5-nitropyridine as per the 
procedure in example {2-[(6-amino-5-mtro(2i>yrid 

phenyl)-5-imidazol-2-ylpyrimidin-2^]axnine or example 6-[(2- {[4-{2,4-dicUorophenyl)- 
5-(4Hndhylimida7ol-2-yl)pyrimidii^2-yl3amino} eAyI)amino]pyridine-3H»rbonitrile) and 
15 IH -pyrazole- 1 -carboxamidine hydrochloride (0.47 M) in acetonitrile (500 ml) were stirred 
overnight (ca. 20 h) at 70-80 °C. Upon cooling, a yellow precipitate was collected by 
filtration. Hie yellow solid was washed thoroughly with acetonitrile (3 x 100 ml), ethyl 
ether (3 x 100 ml), and dried overnight in vacuo resulting in 87% yield of amino {2-[(5- 
nitro(2-pyridyl))amino]efliyl}caiboxamidine > hydrochloride. 

20 4. Preparation of r4^2,4^chlorophenyl)-5-imida^ {2-f(5-nitro(2- 
pyridyfflaminoletfayl) amine. 

A solution of sodium ethoxide (0.59 M) dissolved in abs. ethanol (1 00 ml) was added 
to a stirred mixture of (2ZH^4^cWoiophenyl)-M 
ylprop-2-en-l^one (0J23 M) and amino {2-[(5^tro(2-pyridyi))ami^ 

25 hydrochloride (0.23 M) in abs. ethanol (260 ml). The reaction was stirred at room 
temperature for 15 min. and then at 75-80 °C for 25 hours. On cooling a yellow 
precipitate was collected by filtration. The filtrate was stored for possible further isolation 
and purification of the product The solid product was washed with abs. ethanol (3 x 50 
mlX distilled water (3 x 50 ml), and ethyl ether (3 x 50 ml). The yellow solid was dried 

30 overnight in vacuo giving 52.7% yield of final product [4-(2,4-dichlorophaiyl)-5-imidazol- 
2-ylpyrimidin-2-yI] {2-[(5^tro(2-pyridyl))amino]ethyl} amine. 
HPLC: 20.9 min (>95% purity) 
MS: M+H = 471 (CjoHksCqNsQ^H = 471) 
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Example 75 

Preparation of {24(4-amino-S-nitro(2-pyridyl))a^ 

imidazol-2-ylpyrimidin-2-vl1amine 

f=\ 

O NyN n ^yN0 2 

5 {2-[(4-amino-5-mtro(2-p^^ 

2-ylpyrimidiiv2-yI]4mine was prepared using the general method for [4-(2,4- 

di<^oiophenyl>5-imidazol-2-yipy^^ 

(see Example 74) with the exceptions noted below. 

1. Preparation of 2^2-aminoe&yl)ammo-6-amm^ 

10 A mixture of 2-amino-6^on>-3-nitropyri<line (0.52 M) in acetomtrile (70 ml), and 

ethylene diamine (40 ml) were stirred overnight (ca. 20 h) at 75-80 °C under argoa Hie 
ethylene diamine was removed under reduced pressure. The residual solution was basified 
with 1M sodium hydroxide solution (50 ml). The aqueous solution was saturated with 
sodium chloride and extracted with a solution of 95 % ethyl acetate and 5% methanol (3 x 

15 150 ml) and with a solution of 95% acetomtrile and 5% methanol (3 x!50 ml). The 
organic extracts were combined and extracted with a saturated sodium chloride solution (2 
x 75 ml). The organic layer was dried with sodium sulfate* filtered, and concentrated under 
reduced pressure. The crude yellow solid was triturated with ether (2 x 25 ml) and dried 
overnight in vacuo resulting in 2<2-amiiK>ethyl)ammo^am in 99% 

20 yield. 

2. Preparation of muncygjj^^ 
hydrochloride. 

A mixture of 2^2-aminoediyl)amino-6^ (0.44 M), \H - * 

pyrazole-l -caiboxamidine hydrochloride (0.44 M) in acetonitrile (75 ml) woe stirred 
25 overnight (ca. 24 h) at 75-80 °C Upon cooling, a yellow precipitate was collected by 
filtration. The yellow solid was washed thoroughly with acetomtrile (3 x 50 ml), ethyl 
ether (3 x 50 ml), and dried overnight in vacuo giving amino {2-[(6-amino-5-nitro(2- 
pyridyl))amino]ethyl} carboxamidine as the HQ salt in 82% yield. 
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3. Preparation of i 2^(4-amino-5-mt^ 
iimdazx)l-2-ylpvriinidin-2-ynamina 

A solution of sodium ethoxide (0.5 M) dissolved in abs. ethanol (8 ml) was added 
to a stirred mixture of (2Z}-l-(2,4-dichloiopheayI)-3^(ta 
5 ylprop-2-en-l-one (0.57 M), amino{2-[(6-amino-5-nitro@^ 

caiboxanridine, hydrochloride (0.58 M), and abs. ethanol (7 ml). The reaction was then 
heated to 75-80 °C far 2JS hours. On cooling a yellow precipitate was collected by 
filtration. The filtrate was stored for possible further isolation and purification of final 
product The solid product was washed with abs. ethanol (3 x 10 ml), distilled water (3 x 
10 10 mlX and ethyl ether (3 x 10 ml). The yellow solid was dried overnight in vacuo giving 
{2^(4~ainino-5-mtn)(2-pyridyl))amirM3]efliyl} [4^2 > 4^chlorophenyl)-5-iinidazol-2- 
ylpyrimidin~2-yl]aminein 70% yidd. 
HPLC: 18.7 min (>95% purity) 
MS: M+H = 486^ (CafljTClaNjQrf H = 486) 

15 Example 76 

Preparation of 64(2- (f 4^4-cyanophenyl V5-imid^ 

vl1aminol^hvl)aininobvridine'3-(^rbonitrile 
N 

1. Preparation of 442>imida2olvlacetyl)bqizenecaibonitra& 

20 A stirred solution of 4^2-chlorbace*>d)benzienecaibonitrile (0.5 M) and imidazole 

(1.5 M) in CH 3 CN (200 ml) were heated for 14 hours at 60 °C. The product was stripped 
of solvent under reduced pressure. The residue was diluted with dichloromethane (250 ml) 
and water (100 ml), and the mixture was stirred for 30 min. After filtering off a solid 
impurity, the aqueous layer was removed and discarded. The organic layer was washed 

25 sequentially with water (60 ml), sat aq. NaHCCb (60 ml), water (60 ml), brine (60 ml), 
dried wife N^tSQjq, filtered, and concentrated under reduced pressure. The dark colored oil 
was dried overnight in vacuo giving 4^2-imidazolyiacetyl)benzenecaibonitrile in 90% 
yield. 

2. Preparation ofj^J(2E)^^ 
30 caibonitrfle. 

A mixture of 4^2-imida2»lylacetyl)bmz^ecaibomtrile (030 M) and N,N- 
dimefcyifoimanude dimethyl acetal (DMFDMA) (80 ml) was stirred for 12 h at 75 °C. 
The DMFDMA was then removed under reduced pressure and dried under high vacuum 
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for several hours giving an orange-yellow solid 4-[(2£)-3-<dim^ylamiiM>)-2- 
imida2olyiprop-2^oyl]ben2aiecaiboiiitrile in quantitative yield The enaminone product 
was typically used without further purificatioa 

3. Preparation of amino {24(5-cyano(2nmidyl))a^ 
5 hydrochloride). 

The preparation of the material antino{2-[(5<yano(2-pyridyl))amino]- 
ethyl }carboxamidine, hydrochloride can be found in the procedures for the preparation of 
^[(2-{[4<2,4^cMorophentf 
amino]pyridinex3-caibonitrile. . 

10 4. Preparation of6-f(2-fr4^4^anophmyiy5-i^ 
aminoTpyridine^3-carbonitrile. 

A solution of sodium ethoxide (0.66 M) dissolved in abs. ethanol (8 ml) was added 
to a stirred mixture of 44(2E>3^dimetiiylamino)-2-imida2olylprop-2« 
CToylJbenzenecarbonitrfle (0.33 M), amino {2-[(5<yano(2-pyridyl))ammo]ethyl} - 

IS caiboxamidine, hydrochloride (0.33 M), and abs. ethanol (15 ml). The reaction was then 
heated to 75-80 °C for 2.5 hours. On cooling the reaction was diluted with ethyl acetate 
(400 ml) washed with sat aq. NaHC0 3 (100 ml), distilled water (2x100 ml), brine (100 
ml), dried with N82SO4, filtered, and concentrated. The crude product was purified by 
flash chromatography over silica gel. The column was run starting with 1:1 ethyl acetate to 

20 hexane, then ethyl acetate winch was used until all of the fast moving impurities had been 
removed. Tie product was ehited with L5% methanol in ethyl acetate. The column is 
monitored by TLC using 5% methanol in ethyl acetate as the solvent system. The proper 
fractions were condensed. The off-white solid was dried overnight in vacuo giving 6-[(2- 
{[4^4-cyaiwphenyl)-5-imi^ 

25 carbomtrflem 40% yield. 

HPLC: 18.9 min (>95% purity) 

MS: M+H = 473.1 (C22H17N9+H = 473) 

Example 77 
Preparation of (tgtrbutQxy)jjj2^^ 
30 yllaminolefeyflcarboxamide 

L Preparation ofN42-amino^yl)(t^4njtoxv)carboxamide > 

A solution of tert-butyi [(tet-butyl)oxycarbonyloxy]formate (B002O) (181g, 830 
mznol) in dichloromethane (1 L) was added slowly to a mechanically stirred solution of 
ethylene diamine (250 g, 4.16 mol) in dichloromethane (2.5 L) at room temperature. After 
35 24 hours, the reaction solution was washed with water (3 x 500 ml), Brine (500 ml), dried 
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with NajSO^ filtered, and concentrated under reduced pressure. Hie pure product N-(2- 
aminoethyl)(tert-butoxy)cafboxainide was obtained in 50% yield. 

2. Preparation ofN-f2^anndiiioamino)efevl1(t^^ hydrochloride. 

Portions of solicf \H -pyrazole- 1 -caiboxamidine hydrochloride (91.10 g, 624 
5 mmol)) are added to a stirred solution of N^2-aminoethylXtert-bntoxy)carboxamide (100 
& 624 mmol) in CH3CN (1 L) at 80° C. Ate 24 hours, fee reaction was stripped of 
solvent under reduced pressure. The residue was triturated with ether (3 x 100 ml), and 
dried in vacuo. The guanidme N-[2^ainidinoamino)ethyl](tert-butoxy)carboxaniide > 
hydrochloride was obtained in over 100% yield containing a small amount of pyrazole. 
10 The guanidine was used without further purification. 

3. Preparation of QgtJmtox^ 
yllaminolefeyfteaiboxainide. 

4-[(2E)-3^dimefeylamm^ (8.0g, 
30.0 mmol) in NMP (5 ml) was added to a stirred mixture of N-[2- 

15 (amidinoamino)ethyl] (tert-butoxy)carboxamide, hydrochloride (13.8- g, 45 mmol)) and 
CS2CQ3 (11.72, 36.0 mmol) in NMP (15 ml). The reaction was heated to 100° C for 48 
hours. The reaction was followed by HPLC Upon completion, the reaction was 
partitioned with water (50 ml) and dichloromethane (250 ml). The organic layer was 
separated and washed with water (2 x 50 ml), brine (50 ml), dried Na 2 SC>4, filtered, and 

20 concentrated under reduced pressure. The product was purified by flash chromatography 
eluting with 10% methanol in dichloromethane. After stripping off the solvents and drying 
in vacuo, 10.08 g of (tert^utoxy^N^2-{[4^4~cyanop^ 
yl]amino) ethyl)caiboxainide was obtained as a dark ted glass in 83% yield. 

Example 78 

25 Preparation of 4-{5-imida2X)lYl~24(2-{r5^triflucTOmefliyl)(2^ 

pyridyR1amino)efevl)aminoTpYrimi^^ 

\ // 

NC 

4-{5-imidazolyi-2^(2-{[^^ 
pyrimidin^yl} beazmecaibonitrile was prepared using fee general method for 6-[(2-{[4- 
30 (4-cyanophenyl>5-imidazol^^ 

(60406) (see Example 76) wife the exceptions noted below. 
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1 . Preparation of N^2~aminoetfa^)(tert4)utoxv)caiboxainide, 

A solution of tort-butyl [(teit-butyl)oxycaiboxxyloxy]fonnate (B0C2O) (0.83 M) in 
dichloromethane (1 L) was added slowly (3 h) to a mechanically stirred solution of 
ethylene diamine (1.66 M) in dichloromethane (2.5 L) at mom temperature. After 24 
5 hours, the reaction solution was washed with water (3 x 500 ml), brine (500 ml), dried with 
NazSO* filtered, and concentrated under reduced pressure. The pure JV-(2- 
aminoethyl)(tert-butoxy)carboxamide was obtained in 50% yield 

2. Preparation ofN42^amidmoanuno)ethvfl(t^ hydrochloride. 

Portions of solid \H -pyrazol^ 1-carboxamidine hydrochloride (91.10 g, 624 
10 no])) are added to a stirred solution of ^2*annnoethyl)(teit-butoxy)carboxamide (0.62 
M) in CH 3 CN (1 L) at 80 °C. After 24 hours, the reaction was stripped of solvent under 
reduced pressure. The residue was triturated with ether (3 x 100 ml), and dried in vacuo* 
The ?/-[2^amidinoammo)ethyl](ta1^toxy)c»iboxamide > hydrochloride was obtained in 
over 100% yield containing a small amount of pyrazole. The N-[2- 
15 (amidinoainmo)ethyl] (tert4>utoxy)carboxamide, hydrochloride was used without further 
purification. 

3. Preparation of (tert-butoxyVN-te- (r444-cvanophenvlV5~imidazoMpyrimidin-2- 
yllaniino) ethvDcarboxamide. 

4-[(2B)-3^dimethylamino)-2-imi^^ (6 M) in 

20 NMP (5 ml) was added to a stirred mixture of ^-[2<amidinoamino)elliyl](tert- 
butoxy)carboxamide, hydrochloride (3 M) and Cs 2 C0 3 (2.4) in NMP (15 ml). Hie reaction 
was heated to 100 °C for 48 hours. Hie reaction was followed by HPLC. Upon 
completion, the reaction was partitioned with water (50 ml) and dichloromethane (250 ml). 
Hie organic layer was separated and washed with water (2 x 50 ml), brine (50 ml), dried 
25 Ne^SO^ filtered, and concentrated under reduced pressure. The product was purified by 
flash chromatography eluting with 10% methanol in dichloromethane. After stripping off 
the solvents and drying in vacuo, (tet-butoxy>i^-(2- {[4-(4-cyanophaiyl>5- 
imidazolylpyrimidii>2-yl]amino} ethyl)carboxamide was obtained as a dark red glass in 
83% yield 

30 4. Preparation of 4-{24(2-amiooethvl)am^ 
yilbenzenecarborritrile. 

Aqueous 3M HC3 (15-30 ml) was added to a stirred solution of (tert-butoxy)-N-(2~ 
{[4^4-cyanophenyl)-5-imid^ ethyl)caiboxamide (0.15 M) in 

CH3CN (50 ml) at room temperature until the reaction became slightly turbid After 16 

35 hours, the reaction was partitioned between dichloromethane (200 ml) and 1M HC1 (200 
ml). The layers were separated, and the aqueous layer was extracted with dichloromethane 
(3 x 200 ml). The aqueous layer was basified carefully with solid NaHCCb to pH 7-8. A 
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solid fonns which can be filtered and dissolved in CH 3 CN (100 ml). The organic solution 
is washed with sat aq. NaHCQj (SO ml), brine (50 ml), dried with Na 2 S04, filtered, and 
concentrated The crude product was purified by flash chromatography over silica gel. 
The column was eluted first with a 1:1 mixture of dicMoromethane/meihanol followed by a 
S mixture of 5% TEA/ 10% water/85% methanol to elute the product The proper fractions 
were condensed. The dark yellow glass was dried overnight in vacuo giving 4-{2-[{2^ 
aminoethyl)amino}-5-imidazo^ in 89% yield. 

5. Preparation of 4- {5-imidazolyl-2-f (2- \ r5^trifhionnnethyl)(2-pyridyl)1 amino) - 

10 A mixture of 4- {2-[(2-ammoethyi)ammo]-5-inri^ 

carbonitiile (30 mg, 0.098 mmol), 2-ddoro-5-(tiifluorom^hyl)pyridine (18 mg, 0.098 
mmol), and Hunig's base (70 uL, 0.4 mmol) in DMA (500 uL) woe heated to 80° C. After 
stirring for 12 hours, the reaction was diluted with ethyl acetate (10 ml) and extracted with 
sat aq. NaHCCb (2x5 ml), water (3 x 5 ml), brine (5 ml), dried with NazSO* filtered, and 

15 concentrated. The product was purified by preparative HPLC using a reverse phase 
column and a water/acetonitrile gradient The product 4- {5-imidazolyl~2-{(2- { [5- 
(trifhu>romethyl)(2-pyridyl)]amino} ^yl)amino]pyriinidin^^}benzOTecaibonitrilewas 
obtained as a off-white solid in 5% yield 
HPLC: 163 tain (^5% purity) 

20 MS:M+H=4512 (CrflnFsNg+H^Sl) 

Example 79 
Preparation of 4-{5rimida2Plyl-2-r(2-(r(4^ 

A mixture of 4-{2-{(2-aminoethyl)amm^^^ 

25 carbonitrile (30 mg, 0.098 mmol), ddoro(4-nitrophenyl)sulfi)ne (22 mg, 0.1 mmol), and 
Humg's base (70 uL, 0.4 mmol) in DMA (500 uL) were heated to 80° C. After stirring for 
12 hours, die reaction was diluted with ethyl acetate (10 ml) and extracted with sat aq. 
NaHCOj (2 x 5 mIX water (3x5 ml), brine (5 ml), dried with NifeSO* filtered, and 
concentrated The resulting product, 4-{5-imidazolyl-2-[(2-{[(4-nitrophenyl)su]fbnyl> 

30 amino}ethyl)amino]pyrirnidin^yl} weighing 27 mg (56% yield) was 

approximately 90% pure by LCMS and HPLC. 

Example 80 

Preparation ofN^2-{f4-te<^anophenYlV5-imida^ 

nitrophepyncarboxamide 
35 A mixture of 4- {2-[(2-aminoediyi)amiiK)>5-^ 

carbonitrile (30 mg, 0.098 mmol), 3^nitrobenzoic acid (17 mg, 0.1 mmolX H3- 
dimethylammopropyl)-3-^)dcarbodiimide hydrochloride (EDC) (19 mg, 0.1 mmol), 1- 
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hydroxybenzotriazole hydrate (HOBT) (14 mg, 0.1 mmol), and 4-<hmethylaminopyridine 
(DMAP) (12 mg, 0.1 mmol) in DMA (500 uL) were stiired at room temperature. After 12 
hours, the reaction was diluted with ethyl acetate (10 ml) and extracted with sat aq. 
NaHCOj (2xS ml), water (3x5 ml), brine (5 ml), dried with Na^O*, filtered, and 
5 concentrated. The resdting product, N^2-{[4^4-cy^ 

yl]amino}ethylX3-nitrophenyl)caiboxamide weighing 32 mg (70% yield) was 
approximately 95% pure by LCMS and HPLC. 

Example 81 

Preparation oj^5Hamigo^3^ 
10 pyridyl))amino1e*faYU amine 




ir 
O 

1. Preparation of 2>F2-(2^4^chlorophenvlV2K)xoethvlhsoindoline-l % 3-dione 

1 mmol of 2,4-dicblorophenacyl chloride in DMF was added drop wise to 2 mmol 
of phthalimide and 2 mmoi of CS2CO3 in DMF at room temperature for fourteen hours and 
15 then purified by trituration with diethyl ether to obtain 2-[2-(2,4-dichlorophenyl)-2- 
oxoethyI]isoindoline-l,3-dione/ 

2. Preparation of 242-(2,4-dicblorophenviyH(dm^ . 
oxoethvUisoindoline-1 3-dione 

1 mmol of 2-[2-(2>4^c^orophenyl}-2K>x^ was heated 

20 to 80°C in neat N^-dimethylfonnamidedimethyl acetal for six hours. The reaction 
mixture was. concentrated in vacuo and purified by trituration with diethyl ether to obtain 
2-{2-(2,4^cldorophenyl)-lHft^ 
dione. 

3. Preparation of2-(N-r2^(24(6-amiiK>-5^^ 

25 <hcMorophmvi)pvrimidm-5-vl1caibamoYUbenzoic add 

1 mmol of 2- {2^2,4-dichIoropbenyI}- 1 ^(dimethylamino)niethylaie]-2-oxoethyl } - 
isoindoline-1 ,3-dione, 1 mmol of ammo {2-[(6>amino-5-mtro(2-pyridyl))amino]-- 
ediyl}carboxamidine, and 3 mmol of CS2CQ5 were dissolved in DMF and heated to 90°C 
for fourteen hours. The reaction mixture was concentrated in vacuo and diluted with water 

30 and ethyl acetate. The solution was extracted three times with ethyl acetate and dried ova- 
sodium sulfate to obtain 2-{N~{2-({2^(6-amino^ 
(2,4^chloropheayi)pyrimi^ 
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4. Preparation of 2-\2-( {2-f(6-amm6-5^ni^ 

1 mmol of 2-{N-[2<{2-[(6-amino-5-n^ 
<hchlorophenyl)pyiimidiiH5-yl^ add was heated to 120°C in acetic add 

5 for four horns and thai concentrated in vacuo to obtain 2-[2<{2-[(6-amino-5-nitro(2~ 
pyridyl))amiiK>]ediyl}amino)^ 

Preparation of f S-amino^2,4^chloroph^l)pyrimidin-2-yl1 ( 2-f(6-amino-5-iiitro( , 2- 
pyridyfflaminolethviyflniine 

1 mmol of 2-[2^{2^(6-amino-5-nitro(2-py^ 

10 dicWoit)phenyl)pyrimidin-5-yl]isoindoline-l ,3-dione and 20 mmol of hydrazine woe 
stirred in ethanol at 75°C for two hours and the resulting product, [5-amino-4-(2,4- 
(tichlorophenyl)pyriffiidin-2-yl] |2-[(6-axnmo-5-mtro(2-pyridyl))amino]^yl} aroine was 
purified by column chromatography duting with 5-10% methanol/methylene chloride. 
HPLC: 5 .704min. (100% purity) 

15 MS: MH*= 435.1 

Example 82 

Preparation of (24(6-amiiKH5HDitro(2Hmid^ * 
morpholin-4-ytoyrimidin-2-yl1amine 

" • ~ "~ " r? 

'. o ' 

20 L Preparation of H2»4^(Moroph^ 

1 mmol of 2,4-dichlorophenacyl chloride in DMF was added drop wise to 10 mmol 
morpholine in DMF at room temperature for fourteen hours. The reaction mixture was 
concentrated in vacuo and diluted with water and ethyl acetate* The solution was extracted 
three times with ethyl acetate* dried over sodium sulfate, and purified by column 

25 chromatography etuting with 50% ethyl acetate and 50% hexane to obtain H2,4- 
diddorophenyl)-2-morpholin^^ed)an-l-one. 

2. Preparation of (2EM-(2»4-dichlorophenylVMdim 
en-l-one 

1 mmol of 1 ^4^chlorophenyi)-2-morftolin^yldhan- 1 -one was heated to 80°C 
30 in NJ^Wimediylfinmanridedim^iyl acetal for six hours. The reaction mixture was 
concentrated in vacuo and purified by trituration with diethyl ether to obtain (2E)-l-(2 > 4- 
(ftchlorophenyl)-3^dimethylair^ 
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3. Preparation of (2-f(6-amino-5-nitro(2-pyridyl)) 
mon?holiD^yl0vrimidii>»2-vl1amine 

1 mmol of (2E> 1 -(2,4-didilorophenyl)-3«<dimethyl amino>2-morpholin-4-ylprop- 
2-en-i-one, 1 mmol of amino {2-((6-ammoh5-mtr^ 
S and 3 mmol of CS2CO3 were dissolved in DMF and heated to 90°C for fourteen hours. The 
reaction mixture was concentrated in vacuo and diluted with water and ethyl acetate. The 
solution was Extracted three times with ethyl acetate and purified by column 
chromatography during wife 5-10% methanol/methylene chloride to obtain {2-[(6-amino- 
5-nitro(2-pyridyl))aniino]ethyl} [4-{2,4-dichlorophenyl)-5--morph^^ 
10 yljamine. 

HPLC: 9367min:(100% purity) 
MSiMH^SOS 

Example 83 
Preparation of H2-(l24(6-amino-5-nitr^ 
15 dkMorop^ 

oz H XJ 

& 

L Preparation of 2^2-(2Adii^ojPOphe^ 

1 mmol of 2,4-dichlorophenacyi chloride in DMF was added drop wise to 2 mmol 
of phthalhmde and 2 mmol of CS2OO3 in DMF at room temperature for fourteen hours and 
20 then purified by trituration with diethyl ether to obtain 2-[2-(2 > 4-<ticUorophenyl)-2- 
oxoethyTJisoindolino- 1 ,3 -dione. 

2, Preparation of 2-(2-(2^4^dhlonn)hmvlVl-r(dime&vlaiiuno)mefc\dmeV2- * 
oxoethyl}isoindoline-l 3-dione 

1 mmol of 2^2^4-<hcUoiophenyl)-2K)xoethyl]isoindoline- 1 ,3-dione was heated 
25 to 80°C in neat NJN-dimethylfonnamidedimeth)d acetal for six hours. The reaction 
mixture is concentrated in vacuo and purified by trituration with diethyl ether to obtain 2- 
{2-{2,4-dicUorophenyi)- 1 -[(dimethylamino)methylene]-2<>xoethyl}-isoindoline- 1 ,3-dione. 

3. Preparation of 2-m-T2^(2-r(6^^ 
djcfalorophmylbYrinadin-S-YllcarbamoYllbttizoic acid 

30 1 mmol of 2-{2-(2,4-didilorophenyl>- 1 -[(dime1hyIamino)metiiylene]-2- 

oxoethyl} isoindolin^ 1 3-dione, 1 mmol of amino {2-[(6-anrino-5-mtro(2-pyridyl))- 
aminolethy^caiboxamidine, and 3 mmol of Cs£Xh were dissolved in DMF and heated to 




WO 02/20495 



-102- 



PCTAJS01/42081 



90°C for fourteen hours. The reaction mixture was concentrated in vacuo and diluted with 
water and ethyl acetate. The solution was extracted three times with ethyl acetate and dried 
over sodium sulfite to obtain. 2-{N-[2-{{2-[(6-amino-5-mtro(2- 
pyridyl))amino]etiiyi}amiro^ 
S acid . 

4. Preparation of 2-r2-( { 24f6-anuno-S-nitro(2-pvridyl))amino1egivl> amino>4-(2,4- 
• ^^QrgBhg^^Bgmgn^^^^M^^n^l »3-dione 

1 nnnol of 2-{N^2-({24(^amino-5^ 
didblon>phenyl)pyrimicKn-5->d]caib acid is heated to 120°C in acetic add 

10 for four hours and then concentrated in vacuo to obtain 2- [2-{ {2-[(6-amino-5-nitro(2- 
pyridyl))amino]ethyi}amin^^ 

5. Preparation of ]^m^^Q^i^^m^s£iSSISS^i^^d^ (24(6-amino-5-nitro(2- 
pyridylflaminolethyUamine 

1 mmol of 2-[2^{2-[(6-amino-5-nitro(2-pyiidyl))amino]^yl}a 
15 dicMorophenyl)pyrimidi^^ and 20 mmol of hydrazine were 

stirred in ethanol at 75^0 for two hours and then purified by column chromatography 
ehiting with 5-1 0% methanol/methylene chloride to obtain [5-amino-4-(2 > 4- 
dicWoropheayl)pyrimidin-2-yl] {2-[(6-amino-5-nitro(2-p>ridyl))ammo]ethyl} amine. 

6. Preparation of H2^f2-r(6-amino-5-nitr^ 
20 dic&orophenyl)pvi^din-5-vnpvn*>h 

1 mmol of [5-ammo-4^2,4^chl^^ 

pyridyl))amino]ethyl}amine > and 2 mmol of succinic add, 4 mmol of HBTU, and 5 mmol 

of N^-diisopropylethyl amine were added to solution and stirred for six hours at room 

temperature. The reaction mixture was concentrated in vacuo and diluted with water and 
25 ethyl acetate. The solution was extracted three times with ethyl acetate, dried over sodium 

sulfite, and purified by column chromatography 5-10% methanol/methylene chloride to 

obtain l-[2<{2-[(6-amino-5Htito^ 

dichlorophenyI)pyrimidin-5-yl]py^ 

HPLC: 8.917miiL (100% purity) 
30 MS: MH^ 517.1 
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Example 84 

Preparation of (2-r(6-ammo-S^tro(2^^ 

. piperazinylpvrimidin-2-yllamine 

o:XJ H JUL * 

o 

5 1 . Preparation of tert-butyl 442^2.4^dilorophenylV2^xoefo^^^ 

1 mmol of 2,4-dichlorophenacyl chloride in DMF was added drop wise to L2 mmol 
of tert-butyl piperazdnecaiboxylateand 12 mmol Cs&Oy in DMF at room temperature for 
fourteen hours. The reaction mixture was concentrated in vacuo and diluted with water and 
ethyl acetate. The solution was extracted three times with ethyl acetate^ dried over sodium 
10 sulfate, and purified by column chromatography ehiting with 50% ethyl acetate and 50% 
hexane to obtain tert-butyl>[2^4^cM^ 

2. Preparation of tert-butyl 442^2,4^(±lon)phenvlVl-r(dimethvlamino)methYlmeV2- 
oxoethyllpiperazinecarboxylate • 

1 mmol of tot-butyl 4-[2^2,4-dicMorophenyi>2K>x^^ 
15 was heated to 80°C in neat N^Hdimethylformamidedimethyl acetal for six hours. The 
reaction mixture was concentrated in vacuo and purified by trituration with diethyl ether to 
obtain tot-butyl 4- {2-(2,4-dichlorophenyl)- 1 -[(dimethylaniino)methylene]-2- 
oxoethyl}pipera2dnec&rboxylaie. 

3. Preparation of tert-butyl 442^{24(6-amino-5-niW2-pyridyl^^^ 
20 (2/^cMorophenyl)pvrimi(^ 

1 mmol of tert-butyl ^^^chlorophenyi^ 
oxoethyljpiperazmecarhoxylate, 1 mmol of amino {2-[(5-nitro(2-pyridyl))amino]»ethyl}- 
carboxamidine, and 3 mmol of CS2CO3 were dissolved in DMF and heated to 90°C for 
fourteen hours. The reaction mixture was concentrated in vacuo and diluted with water and 
25 ethyl acetate. The solution was extracted three times with ethyl acetate* dried over sodium 
sulfate, and purified by column chromatography ehiting with 5-10% methanol/methylene 
chloride to obtain tert-butyl 4~[2^{2^(6-ammo-5-mtro(2-pyrid 
(2 > 4-dichlompheayl)pyrimidi2^ 

4. Preparation of (24(6-amiiK>-5Hnitrp(2^^ 
30 piperazinyipyrimidin-2-yl1^"e 

1 mmol oftert-butyl 4-[2<{2-[(6-amino-5-ni^ . 
(2,4^chl(»x)pheayl)pyrimidH^ was heated to 60°C 3M HQ in 
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MeOH for one hour and concentrated in vacuo to obtain {2~[(6-amino-5~mtro(2- 
pyridyl))amino]etiiyl}[4-(2/^ 
HPLC: 5.27min. (100% purity) 
MS: MH*= 504.2 

Example 85 

Preparation of {2-f(6-amiiK>-5-m 

imidazoMpyrimidin-2-vllainine 




O 

• 1. Preparation of 2-faomo-l-(4-etfavh>henvl)dfaan-l-one 
10 20 mmol of l-(4-€*hylphenyl)ethan-l-<>ne> 1 ml cone HQ were mixed in 20 ml 

diethyl ether at 0°C under nitrogen. To tins solution a solution of 20 mmol Br 2 in 20 ml 
diloroform was added drop wise and left for four hours and then concentrated in vacuo to 
obtain 2-bromo- 1 -(4-ethylphenyl)ethan- 1 -one. 

2. Preparation of 1^4-^YlphenvlV2-hnidazolvlethan-l-one 
IS 1 mmol of 2-bromo-H4-etbylphenyl)ethan-l-one in acetonitrile was added drop 

wise to 5.5 mmol imidazoline in acetonitrile at room temperature for fourteen hours. The 
reaction mixture was concentrated in vacuo and diluted with water and ethyl acetate. The 
solution was extracted three times with ethyl acetate and dried over sodium sulfate to 
obtain l-(4-ethylphenyl)-2-imidazolyl^an-l-one. 

20 3. ftgegratjon^^ 

1 mmol of 1 ^4-ethyiphenyl)-2-imidazolyl ethan- 1 -one was heated to 80°C in N,N- 
dimethylfonnamidedimethyl acetal for six hours and concentrated in vacuo to obtain (2E)- 
3-(dimethylamino)- 1 ^4-€thylphenyl)-2-iniidazolylprop-2-en- 1 -one. 

4. Preparation of l24(6-amino-5-nitn)(2-pvridYfl^ 

25 imidazolvlpyrimidin-2-yllamine 

1 mmol of" (2E)-3-(dimethylamino)-l -(4-ethylphenyl)-2-imida2ol>iprop-2-en- 1 - 
one, 1 mmol of amino {2-[(6-amino-5^tro(2-pyridyl))amino]ethyl} carboxamidine, and 3 
mmol of CszCQa was dissolved in DMF and heated to 90°C for fourteen hours. Hie 
reaction mixture was concentrated in vacuo and diluted with water and ethyl acetata The 

30 solution was extracted three times with ethyl acetate, dried over sodium sulfate, and 
purified by column chromatography ehiting with 5-10% methanol/methylene chloride to 
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obtain {2-[(6-amino-5-nitro(2-pyridyl))ainino]dhyl} [4^4-e&ylphaiyl)-5-imidazolyl- 

pyrimi<Kn-2-yl]amine. 

HPLC: 7,733rfdn. (100% purity) 

MS:MH*=446.2 

Example 86 
Preparation of f2-f(6-amfoo-5-nitrof2-pyrifo^ 

pyridyl)pyrimidm-2-yl1amine 




l-(2,4-didiloropheny])-2-(4-pyridyl)^ian-l-one was synthesized as in Suzuki et 
10 aL, "Facile dibena&ylaiion of picoline* /. HeterocycL Ckem. 22(6):1487-9 (1985). 1 
mmol of 1 ^2,4^<^orophenyl)-2-(4-pyridyl)eth^ 1 -one was heated to 80°C in neat 
DMF-DMA for six hours. The reaction mixture was concentrated in vacuo and the residue 
was purified by trituration with diethyl ether, using amino {2-[(6-amino-5-nitro(2- 
pyridyl))amino]^^}carboxamidine hydrochloride (160mg, 038mmol» leq) and die 
15 enaminone (2E)-1 ^2,4-dicMorophenyl)-3-(dimethyi -one 
(202mg, 0.58mmol) and Cs2CQ3(246mg, L3eq) in 5ml DMF at 95°C for 6L It was worked 
up by concentration in vacuo and extraction into ethyl acetate to yield a crude product that 
was purified by column chromatography, ehiting with 10% methanol in methylene chloride 
to yield {2-[(6-amino-5-mtro(2-^ 
20 pyridyl)pyriinidin-2-yl]amme as a yellow powder after lyophilization. ' 
HPLC: 632min(100%) 
MS:MH*=497 

Example 87 

Preparation of {2-rf6-amino-5-nitro(^-pyridYl))amino1edivl> (4^2,4-dicfalorophgivl)-S-f5- 
25 (1rithioromeraYl)(l^ % 4-tetr^^ 

► F 




Trifluoromethyl tetrazole was made according to the procedure published in 
Tetrahedron Letters 38(7):1257-1260. A mixture of tetrachlorosilane (5mmol) and sodhim 
azide (15mmol) in dry acetonitrile (10ml) and trifluoromethyl acetamide (5mmol) was 
30 reftuxed and stirred with the exclusion of moisture. The reaction mixture was poured into 
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ice cold sodium carbonate solution and extracted with chloroform (3X20ml). The solvent 
was distilled off under reduced pressure to yield trifhioromethyl tetrazole (MSrMH- 
=136.7) which was used without further purification. Trifluromethyl tetrazole (Immol), 
C&iCO* (13 mmol) and l<2,+4ichlorophenyl)-2^oroethan-l-one (lmmol) were 
5 refluxed in DMF(2ml) overnight The reaction mixture was cooled and concentrated in 
vacuo, and then extracted into ethyl acetate and dried over sodium sulfate. The extract was 
further purified by column chromatography on silica gel to yield 1 -(2,4-dichlorophenyl)-2- 
[5<trifhioromethyIXl ,2^4-tetraazolyI)]etban-l-<me. 1 mmol of l-<2,4-didilorophrayl>2- 
[5-{trifluoromethylX 1 ^,4-tetraazolyl)]eihan- 1 -one was heated to 80°C in neat DMF- 

10 DMA for six hours. The reaction mixture was concentrated in vacuo and purified by 
trituration with diethyl ether. 1 mmol of the above enaminone, lmmol of amino {2-[(6* 
amino-5-nitro(2-pyridyl))amino]ethyl} caiboxamidine hydrochloride and 3 mmol of 
CS2CO3 were dissolved in DMF and heated to 90°C for fourteen hours. Tbe reaction 
mixture was concentrated in vacuo and extracted into ethyl acetate and die residue after 

1 5 solvent evaporation was purified by column chromatography eluting with 5-1 0% methanol 
in methylene chloride to yield {2^(6-amino-5-nitro(2-pyridyl))amino]efliyl} {4^2,^ 
dichloropheayl)-5-[5<trif^ as a 

yellow powder after lyophilization. 
MS:MH*= 556.0, 

20 HPLC: 10.77min(983%) 

Example 88 
Preparation of {24(6-*mino-5-nitro^ 



mefoylpiperazinYlWrimidin-2-Ynamine 




25. 1 ^2,4^chlorophenyl)-2-chloroethan- 1 -one(lmmol) and methylpiperazine (4 

mmol) in 8ml DMF was stirred for 8h at room temperature. The reaction mixture was 
concentrated in vacuo and extracted into ethyl acetate and foe organic layer was washed 
with water and dried with sodium sulfate. The residue after concentration in vacuo was 
purified by column chromatography eluting with 10% methanol in methylene chloride to 

30 yield 1 ^2 > 4^chlorophenyl)-2^4^nethylpipera2in>d)ethan- 1 -one. The ethanone was taken 
up in DMF-DMA and heated to 80°C for 6h. The reaction mixture was cooled and 
concentrated in vacuo and foe residue containing foe enaminone was purified by column 
chromatography. 1 mmol of foe enaminone obtained above, lmmol of amino {2-{(6- 
amino-5^tro(2-pyridyl))amino]ethyl} caiboxamidine hydrochloride and 3 mmol of 
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CS2CO3 was suspended in DMF and heated to 90°C for fourteen hours. The reaction was 
cooled and concentrated in vacuo. The residue was partitioned between water and ethyl 
acetate and the layers separated The organic layers were dried with sodium sulfate and 
after solvent removal woe chromatographed on silica gel duting with 5-10% methanol in 
5 methylene chloride to obtain {2-[(6*mino-5-ritro^ 

dicMorophenyi)-5-(4~m as a yellow powder after 

lyophilization. 

LC RT 5.193 rain (953%) 

MSiMH*«518.2 

10 Example 89 

Preparation Qfl4^2^;dKjdcn^^ 



nitrof2-pvridyl))amino1ethyl)aniine 




1 ^2,4^cMon>phenyl)-2H^cnt>eaia3> 1 -one(l mmol) and methylpiperazine(4 

15 mmol) in 8ml DMF was stirred for 8h at room temperature. The reaction mixture was thai 
concentrated in vacuo and extracted into ethyl acetate and die organic layer was washed 
with water and dried with sodium sulfate. The residue after concentration in vacuo was 
purified by column chromatography duting with. 10% methanol in methylene chloride to 
yield l-(2,4-dicUorophenyl^^ l-p,4-diddorophenyl)- 

20 2-{4-methylpipeTazinyl)ethan-l -one was heated to 80°C in neat DMF-DMA for six hours. 
The reaction mixture was concentrated in vacuo and the residue obtained was purified by 
trituration with diethyl ether to yield the epf>n"ft*oneT lmmol of die enaminone obtained 
above, lmmol of amino {2-[(5-nitro(2-pyridyi))amino]efliyl} caiboxamidine hydrochloride 
and 13 mmol of CS2CO3 woe dissolved in DMF and heated to 90°C for fourteen hours. 

25 The reaction mixture was cooled to room temperature and concentrated in vacuo. Water 
was added and then extracted 3X with ethyl acetate. The combined organic layers were 
dried with sodium sulfite. The residue after solvent evaporation was purified by column 
chromatography dating with 5-10% methanol in methylene chloride to yield [4^4- 
diddon>phenyI>5-(4-meth^ {2-[(5-nitro(2- 

30 pyridyl))amiiH>]ediyl} amine as a yellow powder after lyophilization. 
HPLC 5.933min (>95%) 
MSiMH* =503.1 
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Example 90 

Preparation of 446-imidazolyl-2-( (2-f (5-rutrp(2"pvridvl))aminQ]gfliYl } ^iTiofoyrimidin-^ 

ylTbenzenecarbonitrile 

5 According to the procedure of Wierenga (Heterocycles, 23:1687 (1985)), 9.45 g 

(0.034 mol) of S-methyl isourea nitrate, 13.57g (0.062 mol) of ethyl 3-<4-cyanophenyi>-3- 
oxopropanoate and 8.0 g (0.142 mol) of potassium hydroxide were suspended in 40 ml 
water and the heterogeneous mixture stirred for 18 h. The mixture was thai filtered, and 
file solid washed with copious amounts of water. Hie solid was dried, and recrystalized 

10 from 5% dimethylformamide/ethanol to afford 2.47 g (34%) of 4-{2-amino-4-oxo-l r 3- 
oxazin^yfybenzenecaibonitrile as a colorless solid 

A solution of 44 ml DMP, 3.81 g (17.89 mmol) 4-(2-amino-4-oxo-l ,3-oxazin-6- 
yl)bcozenecaibonitrae and 8.57 g \ (53.63 mmol) of N-(2-aminodhylXtert- 
butoxy)carboxamide were heated to 50 °C for 3 h. The reaction was then concentrated in 

15 vacuo (0.5 mm Hg) and the resulting yellow solid triturated with cold ethanol. The 
resulting suspension was filtered and die solid washed with copious amounts of ethanol. 
This gave 4.51 g (71%) of (tert4rotoxy>N^-{[6<^^ 
yl]amino}ethyl)carboxamide as a white solid. 

To a solution of 4.01 g (11J2 mmol) of (tert«biitoxy)-N-(2-{[6-(4-cyanophenyl)-4- 

20 hydroxypyrimid^2-yI]amiBo} ethyl)carboxann 4.82 g (13.5 mmol) of N- 
phenyltrifhioiosulfiommide in 40 mL pyridine was added 4.03 g (12.4 mmol) of anhydrous 
cesium carbonate. Hie resulting suspension was stirred at room temperature for 18 h. and 
then partitioned between ethyl acetate and water. The aqueous layer was extracted 
thoroughly with ethyl acetate and die combined orgamcs washed with 5% aqueous 

25 hydrochloric acid, water, and brine. Concentration and chromatography (silica gel, ether, 
Rf = 0.40) gavel. 50 g of 2<{2-[(krf^utoxy)ca^ 
cy^ophenyl)pyrimidin-4-yl (trifluoromethyl)sulfonate as a gelatinous solid. 

2^{2-[(tert-butoxy)caibonylami^ 
(trifhiorome%l)suIfonate (134 mg, 0.275 mmol) was dissolved in a 2 M solution of 

30 imidazole in N-methylpyrrolidinone and the resulting solution heated to 90 °C for 18 k 
The solution was cooled, water added and the suspension extracted thoroughly with ethyl 
acetate. Concentration of die combined organic layers gave a crude solid which was 
chromatography! (silica gel, 03% ammonium hydroxide/5% methanol/methylene 
chloride) to afford 66 mg of (tert-butoxy}-N-(2- { [4-(4-cyanophaiyI)-6-imida2olyl-4- 

35 ylpyrimidin-2-yl]amino}ediyl)cari>oxamide as a off white solid. 

Removal of die tert-butoxy protecting group was accomplished in the following' 
manna: die (tert-buioxy>-N<2- {[4^4-cyaiK>ph 

yl]amino} ethyl)carboxamide produced as described above was dissolved in anhydrous 
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trifluoroacetic acid (2 mL) and stirred at room temperature for 2 k Concentration gave 
47.8 mg of 4-{2^(2-aminoethyl)a^ 
caibonitrile as its (2x) trifluoroacetate salt 

Hie 4-{2-[(2-aminoethyl)amino]^imidazolyl^ylp 
5 caibomtrile trifluoroacetate produced as described above (48 mg, 0.074 mmol) was 
dissolved in 0.5 mL acetonitrile and 2-chloro-5-nitropyridine (12 mg, O.074 mmol) added. 
The mixture was heated to 80 °C for 18 h and thai concentrated. Chromatography of the 
residue (silica gel, 5% methanol/methylene chloride) afforded 5.1 mg (15%) of 4-[6- 
imidazolyl-2-( {2-[(5-nitro(2-pyridyl))8mino]etbyl } amino)pyrimidin-4- 
1 0 yTJbenzenecaibonitrile as a light yellow solid. 

HPLC [Method AZ-S] 7.25 min (100%), 1HNMR; . 
MS:(nHH)/z,428. 

Example 91 
Preparation of 4-T6-morpholin-2-((2-rff^ 
15 yllbenzenecaibonitrile 

2<{2-[(tert-butoxy)caibon)^ 
(trifluoromethyl)sulfonate (134 mg, 0275 mmol) was dissolved in a 2 M solution of 
moipholine in acetonitrile and die resulting solution heated to 90°C for 18h. The solution 
20 was cooled, water added and the suspension extracted thoroughly with ethyl acetate. 
Concentration of the combined organic . layers gave a crude solid which was 
chromatographed (silica gel, 2% methanol/methylene chloride) to afford 234 mg of (teat- 
butoxy>N^2-{[4^4-cyan^ 

carboxamide as a off white solid. Removal of the tert-butoxy protecting group was 
25 accomplished in the following manner the (tert-butoiy>N-(2-{[4-(4-(7anophaE^^ 
morpholin^ylpyrimidin-2-yl]anm produced as described above was 

dissolved in anhydrous hydrogen chloride in dioxane (2 mL of a 2M solution) and stirred at 
room temperature for 2 h. Concentration gave 134 mg of 4-{2-[(2-aminoethyl)amino]-6- 
imidazolyl^ylpyrimidii>4^ as its (2x) hydrochloride salt 

30 The 4- {2-[(2-ammoediyi)amiiK>]^^ 

carbonitrile trifluoroacetate produced above (50 mg, 0.14 mmol) was dissolved in 025 mL 
acetonitrile and 2-chloro-5-nitropyridine (22 mg, 0.074 mmol) added The mixture was 
heated to 80 °C for 18 hand then concentrated. Om>matography of the residue (silica gel, 
5% methanol/methylene chloride) afforded 5.1 mg (15%) of 4-[6-morpholm-2-({2-[(5- 
35 mtio(2-pyridyi))amino]ethy^ as a light yellow 

solid. 

HPLC [Method AZ-S] 7.20 min (100%X 1HNMR; 



WO 02/20495 



-110- 



PCT/US01/42081 



10 



15 



20 



MS:(m+H)/z,447. 

Example 92 
Preparation of r54renzotriazolyl^2,4-di^ 

pyridyl))amino1edivl)amine 



A solution of 1 ^2,4^cWorophenyl)-2-chIoroethan- 1 -one (10.0 g, 44.63 mmol), 
benzotriazole (10.6 g, 89.3 mmol) and triethylamine (9.0 g, 89 J mmol) in 140 mL 
acetonitrile was refluxed for 18k Hie acetonitrile was removed in vacuo, and die residue 
dissolved in ethyl acetate. Water was added and the water layer extracted twice with ethyl 
acetate. The combined organics were washed with brine, dried and concentrated to give 
13.2 g of a light brown solid. Recrystallization from ethyl acetate gave 4.8 g (35.%) of a 
colorless solid identified as 2-benzatiazolyl-l-(2^ 

2-benzotriazolyl- 1 -{2 > 4-dichlorophenyl)ethan- 1 -one was dissolved in dimethyl- 
formamide dimethyl acetal (5 mL) and die solution refluxed for 8 h. Evaporation of the 
solvent gave 2-benzotriazolyl- 1 ^2 > 4Khchlorophenyl)-3^dimethylamino)prop-2-en-- 1 -one 
as an air sensitive red solid which was used in the next step without further purification. 

2-benzotriazolyl- 1 -(2^4^cMorophenyl)-3^dimethylairiino)prop-2-en- 1 -one was 
dissolved in 64 mL N-mdhylpynolidinone and 6.82 g (20.9 mmol) of cesium carbonate 
and 4.19 g (16.12 mmol) of amino {2-[(5-mtro(2-pyridyl))a^ 
hydrochloride added. The resulting suspension was heated at 100°C for 18k The reaction 
was then cooled and partitioned between ethyl acetate and water. The aqueous layer was 
extracted with ethyl acetate, and the combined organic layers washed twice with water and 
once with brine. Concentration of die combined organic layers gave a yellow solid which 
was recrystallized from 5% ethyl acetate/methanol to afford 4.25 g (65%) of [5- 
benzotriazolyl^2,4-dic^^ 
aminojethyl} amine as a light yellow solid 




NH 




HPLC [Method AZrS] 1136 min (100%), 1HNMR; 
MS:(mfH)/z,522. 
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Example 93 

Preparation of r4-(2»4-dicMorophenyiy5-pipCTazinylpy^^ (2-T(5-nitrof2- 

PvridvD)aminolethyl}amiDe 




i _ 
o 



5 ^ Preparation of tert^utyl 442-(2«4^chlc^ 

1 mmol of 2,4-dichlorophenacyl chloride in DMF was added drop wise to 1. mmol 
of tert-butyl piperazinecarboxylateand 12 mmol CS2CO3 in DMF at room temperature for 
fourteen hours. Hie reaction mixture was concentrated in vacuo and diluted with water and 
ethyl acetate. The solution was extracted three times with ethyl acetate, dried over sodium 
10 sulfate, and purified by column chromatography ehiting with 50% ethylacetate and 50% 
hexane to obtain tert-butyl 4^2-(2,4-dicMcTOpheoyi>^ 

2. Preparation of tert-butyl 4-{2-G»4^(MoropheirylH 
oxoethyllpiperazinecaiboxylate 

1 mmol of tert-butyl 4-[2-(2,4-di<^on>phmyI^ 
15 was heated to 80°C in neat N^-dnnethylfoimamidediroethyl acetal for six hours* The 
reaction mixture was concentrated in vacuo and purified by trituration with diethyl ether to 
obtain tert-butyl 4-{2-<2,4^chlorophenyl)-l-[(dime 
ethyl} piperazinecarboxylate. 

3. Preparation of tert-butyl 4-f4-(Z4-dicMorophen^V2^(2-f(5-nitiof2- 
20 pyridyl))amino1ethvl } amino)pvrimidin-5-vnpiperazin ate 

1 mmol of tert-butyl 4- (2-(2,4-dichloTophenyl)- 1 -[(dmethylamino)methyiene]-2- 
oxoethyl}piperazinecarboxyiate, 1 mmol of amino {2-[(5-nitro(2-pyridyl))amino]- 
ethyl} caiboxamidine, and 3 mmol of CS2CO3 was dissolved in DMF and heated to 90°C 
for fourteen hours. The reaction mixture was concentrated in vacuo and diluted with water 
25 and ethyl acetate. The solution was extracted three times with ethyl acetate, dried over 
sodium sulfate, and purified by column chromatography ehiting with 5-10% methanol 
/methylene chloride to obtain tert-butyl 4-[4-<2,4^chloroph^l>2<{2.[(5Hdtio(2- 
pyridyl))anmo] ethyl } amino)^ 

4. Pregggtioa^^ 

30 pyridyiytemmolethvll amine 

1 mmol of tert-butyl 444^2,4-dichloiophenyi>^^ 
etii>d} amino)pyriinidin-5-yl]piper^ is heated to 60°C 3M HQ in MeOH for 
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One hour and concentrated in vacuo to obtain [4-(2,4-dichlorophenyl)-5- 
piperaztoylpyrimidin-2-yI] {2-[(5-nitix)(2-pyridyl))amino]dhyl}amine. 
HPLC: 7.683min. (100% purity) 
MS: MH*= 489.1 

Example 94 

Preparation of 1 J2^{2J@jgp^ 

djghforge^^ 




L Preparation of 242-(2.4-didilonn)henylV2^xoe&ylTisoindoKne-13-<Kone 
10 1 mmol of 2,4-di chlorophenacyl chloride in DMF was added drop wise to 2 mmol 

of phthahmide and 2 mmol of CS2CO3 in DMF at 100m temperature for fourteen hours and 
then purified by trituration wife diethyl ether to obtain 2-[2-(2,4-dichlo«)pheayl)-2- 
oxoethyljisoindoline- 1 ,3-dione. 

2. Preparation of 2-(2-(2,4-di<&arophenylH-^ 
15 oxoefeyUisoindoline-13-<frone 

1 mmol of 2-[2<2,4^chlorophoiyl>2-oxoethyl]isoindoIine^ 1 ,3-dione was heated 
to 80°C in N^-dimefeylfonnamidedimethyl acetal for six hours. The reaction mixture was 
concentrated in vacuo and purified by trituration with diethyl ether to obtain 2-{2-(2^ 
dWon^henyQ-l-[(dime4hy 

20 3. Png>araticmof2-m42-fmf^^ 

dicfalorophenyl)pyrimi<ft^ add 

1 mmol of 2-{2^2,4-(HcUoropheayi)-H^ 

oxoethyl }isoindoline-l ,3-dione, 1 mmol of amino {2-[(6-amino-5-nitro(2-pyridyl))ammo> 

ethyl} carboxamidine, and 3 mmol of CS2CO3 woe dissolved in DMF and heated to 90°C 
25 for fourteen hours. Hie reaction mixture was concentrated in vacuo and diluted wife water 

and ethyl acetate. The solution was extracted three times with ethyl acetate and dried over 

sodium sulfate to obtain 2-{N^2<{2-{(6-amino-5^^ 

(2,4^chloropheayi)pyrimidii^^ , 

4. Preparation of 242-f{2-T(6-ami^ 
30 dicMoropheavitoyrimidg^^ 

1 mmol of 2-{N-[2<{24(6-amii^^ 
(fcchlorophenyI)pyrimidi^ acid was heated to 120°C in acetic add 
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for four hours and then concentrated in vacuo to obtain 2-{2-({2-[(6-amino-S-nitro(2- 
pyridyi))amino]ethyl}amm^^ 

5. Preparation of fS-amino^2,4-di<Mon)phmyl)pvrimi 
. pyridyQ)amino1ethyl)amine 
5 1 mmol of 2-[2^{2-[(6-amino-5-nito^ 

didUorophenyl)pyrinridin-5-^]isoindoIme-13-<Kone and 20 mmol of hydrazine were 
stirred in ethanol at 7S°C for two hours and then purified by column chromatography 
ehiting with 5-10% methanol/methylene chloride to obtain [£amino-4-(2,4- 
dichlon>phenyl)pyrinHdin-2-yl] {2-[(6-*mim>-5-nit^ 

10 6. Preparation of l-f2-q24(6-amino-5-^^ 
dich]on>phenyl)pvrimidm-5^ 

* 1 mmol of [5-amino^2,4-dichloropheayl^^ {2^(6~amino-5-nitn>(2- 
pyridyl))amino]etbyl } amine, and 2 mmol of methyliminodiacetic acid, 4 mmol of HBTU, 
and 5 mmol ofN^-dn$opropylefcyiamine were added to solution and stirred for six hours 

15 at room temperature. The reaction mixture was concentrated in vacuo and diluted with 
water and ethyl acetate. The solution was extracted three times with ethyl acetate, dried 
over sodium sulfate, and purified by column chromatography ehiting with 5-10% 
methanol/methylene chloride to obtain 1 -[2-( {2-[(6-ammo-5-mtro(2- 
pyridyl))amiro]ethyl}amii^^ 

20 2,6-dione. 

HPLC: 7.560min. (99% purity) 
MS: MH*== 546.1 

Example 95 

Preparation of l-f2-((2-r(6-aminp-^ 
25 didrigrgphm^ 

o 

1. Preparation of2-f2-(2,4-dicfa]on>pheaylV^^ 

1 mmol of 2,4-dichlorophenacyi chloride in DMF was added drop wise to 2 mmol 
of phthalimide and 2 mmol of CS2CO3 in DMF at room temperature for fourteen hours and 
30 then purified by trituration with diethyl ether to obtain 2-[2<Z,4-dichlorophenyi>-2- 
oxoethyl]isoindoline-13"dione. 
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2. Preparation of 2- (24Z4-dichlon)phenviy 1 -r(dimethylamino)methylene1-2- 
oxoethvUisoindoline-lJ3-dione 

1 mmol of 2-[2^,4^chlcroph^yl)-2K)xoethyl]isoindoIiiie-l 3-dione was heated 
to 80°C in N >N-dimethylfonnairidedimethyl acetal for six hours. The reaction mixture was 
5 concentrated in vacua and purified by trituration with diethyl ether to obtain 2-{2-(2,4- 
dichloropheayl)-l-[(dimethylamin^ 

3. Preparation of 2-{N-re^{2-r(6-amino-5-ni^ 
dichloropheiivl)pyrimidin-^^ add 

1 mmol of 2- {2-(2,4-dichlorophenyl>- 1 -[(dnndhylamino)nieth>i ene]-2-oxoethyl} - 
10 isoindoline^ 1 ,3-dione, 1 mmol of amino {2^(6-amino-5^tro(2i)yridyI))amino]ethyl}- 
carboxamidine, and 3 mmol of C&jCOy were dissolved in DMF and heated to 90°C for 
fourteen hours. The reaction mixture was concentrated in vacuo and diluted with water and 
ethyl acetate. The solution was extracted three times with ethyl acetate and dried over 
sodium sulfate to obtain 2-{N-[2-({2-{(6-ammc>-^ 
15 (2,4^cMoropheaiyl)pyriim acid. 

4. Preparation of 242^{24(6-amino-5-nitro^ 
dic^oiophepvI)pYrimidin-5-yllisoindoline--l 3-dione 

1 mmol of 2-{N-[2^{24(6-aminc^^ 
dichlorophenyl)pyrinndin-5~yl]c^ add* is heated to 120°C in acetic add 

20 for four hours and then concentrated in vacuo to obtain 2-[2-({2-[(6-amino-5-nitro(2- 
pyridyl))amiiH>]ethyl}anu^ 

5. Preparation of f 5-amino^2 % 4^cfalorophenyl)pyri^ f 2^(6-amino-S-nitro(2- 
pyridyl))amino1ethyl|amine 

1 mmol of 2-[2^{2^(6-amiiK>-5^ 
25 (hchlorophenyl)pyriirddin-5-yI]isoindoline- 1 3-<fcone and 20 mmol of hydrazine were 
stirred in ethanol at 75°C for two hours. The reaction was concentrated and purified by 
column chromatography 5-10% methanol/methylene chloride to obtain [5-amino-4-{2 > 4- 
(H<Morophenyl)pyrimidin-2-yl] {2^(6-anriiK)-5-nitio(2-py^ 

S. Preparation of H2^(2-r(6-ammo-5-ni^ 

30 dic^orophm^YpvrimidiD-S-vlVS-pynoline-^-dione 

1 mmol of [5-aminc>4^2 i 4KticMoro^^ . 
pyridyl))amino]e&yl}amine, and 2 mmol of makric anhydride are stirred at room 
temperature for four hours. 2 mmol of HBTU, and 3 mmol of N^-diisopropylethylainine 
were added to solution and left for six hours at room temperature. The reaction mixture 

35 was concentrated in vacuo and diluted with water and ethyl acetate. The solution was 
extracted three times with ethyl acetate* dried over sodium sulfate, and purified by column 
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chromatography eluting with 5-10% methanol/methylene chloride to obtain l-[2-({2-[(6- 

ammo-5-mtro(2-pyridyl))a 

pyrroHne-2 7 5-dione. 

6. Preparation 6f H2^{24(6-amino-5-nitro(2-pyridy^ 
5 dichlorophenyl)pyriimdii>-5-ylV3-iiK^ 

Large excess of morpholine was added to dean fractions of l-[2^{2-[(6-amino-5~ 
nitro(2^yridyl))amino]e%^ 

2,5-dione concentrated in vacuo, and purified by column chromatography eluting with 5- 
10% methanol/methylene chloride to obtain H2-({2-[(6-amino-5^tro(2-pyridyl))amino]- 
1 0 ediyl}amino)-4-(2 > 4^cUorophenyl)pyrin^ 
dione. 

HPLC: 8.133min. (100% purity) 
MS:MH*=«XL2 . 

Example 96 

15 Preparation of H4-q4^cfcloroph<»ylW 

pyridyl))amino1cthyl) amino)pyrimidinr5-yl1^methvlpipq^2dne>2,6Hiione 

6"* 

1. Preparation of 2«r2^2,4^cAlorophmvlV2^xoethvl1isoindoline-13-dione 

1 mmol of 2,4-dicMorophenacyl chloride in DMF was added drop wise to 2 mmol 
20 ofphthalimide and 2 mmol of CS2CO3 in DMF at room temperature for fourteen hours and 
thai purified by trituration with diethyl ether to Obtain 2-[2-(2,4-dichlorophenyI)-2- 
oxoethyl]isomdoline-l 3-dione. 

2. PrgBgratigno^ 
oxoethyllisomdolinexl 3-dione 

25 1 mmol of 2-p<2,4^chlorophenyl>2^ is heated to 

80°C in neat N J4-^Kmethylfbrmamidedimethyl acetal for six hours. The reaction mixture 
was concentrated in vacuo and purified by trituration with diethyl ether to obtain 2-{2-(2,4- 
dichlorophenyi>l -[(dimethylamino)methyle3ae]-2-oxoethyl} isoindoline-1 3-dione. 

3. Preparation of 2-m44^2,4^c^nn>henylV2^(24(5>mtro(2> 
30 Bgjdjfflfe add 

1 mmol of 2- {2-(2,4-dichlon)phenyl)- 1 ^(dimethylainiiK))mediylene>2-oxoethyl} - 
isoindoline-l ,3-dione, 1 mmol of amino {2r[(5-nitro(2-pyridyl))amino]- 
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ethyl} carboxanridine, and 3 mmol of CsfcCQj were dissolved in DMF and heated to 90°C 
for fourteen hours. The reaction mixture was concentrated in vacuo and diluted with water 
and ethyl acetate. The solution was extracted three times with ethyl acetate and dried over 
sodium sulfate to obtain 2-^-[4^2,4^<Moiopheayl)-2<{2^(5-nitro(2- 
5 pyridyl))amino]elhyl} amino)pyrinridii^5-yl] acid. 

4. Preparation of 244^2»4^cMarophenylV2^{24(5Hri^ 
amino)pyrimidin-S-vlTisoiDdoline-lJ-dione 

1 mmol of 2-{N-[4K2,4^cM^^ 
amino)pyrimidin-5-yl](^amoyl}b€aizoic add was heated to 120°C in acetic acid for four 
10 hours and then concentrated in vacuo to obtain 2^4^2 > 4^(Woropheayl)-2~{^ 
pyridyl))amino]eAyl}amino)pyrimid 

5. Preparation of r5-aniiiK>^2.4Ha 
pyri(M))amino1eflivl)amine 

1 mmol of 2-[4^2,4-dichlorophenyl)-2<{2-I(5-mtro^ 
15 amino)pyrimidm-5-yl]isoindoline-13-dione and 20 mmol of hydrazine were stored in 
ethanol at 75°C for two hours and then purified by column chromatography etuting with 5- 
10% methanol/methylene chloride to obtain [5-amino^2,4^<^orophenyI)pyrimidin-2- 
yl] {2-[(5-nitro(2-pyridyl))amino]^hyi} amine. 

6. Preparation of M442,4-dichIorophenylV2-( {2"r(5-Ditrof2~pvridvl))amino1ethvlV 
20 amino)pvi^din-5-vr^methylpipera2ine-2,6-dione 

1 mmol of [5-amino^2,4Hhchlorop^^ 
aminojeftyl} amine, and 2 mmol of methyliminodiacetic acid, 4 mmol of HBTLT, and 5 
mmol of N^^isopropylethylamine were added to solution and stirred for six hours at 
room temperature. The reaction mixture was concentrated in vacuo and diluted with water 

25 and ethyl acetate. Hie solution was extracted three times with ethyl acetate,dried over 
sodium sulfate, purified by column chromatography during with 5*10% 
methanol/methylene chloride to obtain H4^2,4nfidiloiophen^^ 
pyridyl))amino]ethyl}amino)pyrim 
HPLC: 12.85Qmin. (100% purity) 

30 MS:MH*=5312 
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Example 97 
Preparation of 1424 {2-f(6-amino-S-iriW 
dicMoipphenyflimimidin-^ 




5 1, Preparation of2^2^2A<ii<^oropheayiy^ 

1 mmol of 2,4-dichlorophenacyl chloride in DMF was added drop wise to 2 mmol 
of phthalhmde and 2 mmol of CS2CO3 inDMF at room temperature for fourteen hours and 
the purified by trituration with diethyl ether to obtain 2-[2-(2,4-dichlorophenyl)-2- 
oxoethyl]isomdolino- 1 ,3-dione. 

10 2. Preparation of 2-(2^4^chlorophenyl>- 1 -f(dimethvlamino)methylene1-2- 
oxoefoyllisoindoline-13-dione 

1 mmol of 2-[2-(2 > 4-dichlorophenyl)-2-oxoethyl]isoiiidoline-l ,3-dione was heated 
to 80°C in neat N»>Wimethyifbnnamidedimethyi acetal for six hours. Hie reaction 
mixture was concentrated in vauo and purified by trituration with diethyl ether to obtain 2- 

15 . {2^2,4^(^oTOphenyi)-H(dim 

3. Preparation of 2-W42^{2-r(6-amino-5-^^ 
dichlorophenvl)pvrimidin>S-vl1c^amoYllbaQZoic acid 
lmtnol of 2-{2^2,4KHchlorophenyl>H(d^ 
isoindoline-l,3-dionEv lnnnol of amino {2-[(6-an^CK5^tn>(2-pyridyl))ainino]ethyl}- 
20 carboxamidine, and 3 mmol of CS2OO3 were dissolved in DMF and heated to 90°C for 
fourteen hours.. The reaction mixture was concentrated in vacuo and diluted with water and 
ethyl acetate.. The solution was extracted three times with ethyl acetate and dried over 
sodium sulfite to obtain 2- {N-[2-( (2-[(6-ammo-5^tn<2-pyridy^ 
(2,4^chlorcpheayl)pyrin^ 

25 4. I^arationof242^l2-r(6-amin^^ 

didJoroph^yl)pyrimidin-5-vlTisoindolino- 1 3-dione 

1 mmol of 2-{N^>({2^(6-aoori^ 
(Hdhlorophenyl)pyriinidin-5-yl]c^amoyl}benzoic acid was heated to 120°C in acetic add 
for four hours and then concentrated in vacuo to obtain 2-[2-{{2-[(6-ammo-5-nitn>(2- 

30 pyridyl))amino]ethyI}8mino^ 
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5. Preparation of [5rfnmno^^ {2-U 6-amino-5-nitro(2- 
* pyridyl))amino1ethyl}ainine 

1 mmol of 2^2^{2-[(6-amino-5-mtro(2-pyri^ 
dichlorophenyl)pyrimidin-5^^ and 20 mmol of hydrazine were 

5 stirred in ethanol at 75°C for two hours and then purified by column chromatography 
ehiting with 5-10% methanol/methylene chloride to obtain [5-amino-4-{2,4- 
(hchlorophenyl)pyrimidm-2-yl] {?-[(6-amino-5-irito(2-p^^ 

6. F^egratioi^ 
dichloropheayl)pYrimidiih-5-yn^ 

10 1 mmol of [5-amino^2,4^ddoropheny])p)dmid^2-yl] {2-[(6-amino-5-nitro(2- 

pyridyl))amino].ethyl} amine* and 2 mmol of malaic anhydride were stirred at room 
temperature for four hours. 2 mmol of HBTU, and 3mmol of N^N-diisopropyiethylamine 
were added to die solution and left for six hours at room temperature. The reaction mixture 
was concentrated in vacuo and diluted with water and ethyl acetate. The solution was 
. IS extracted three times with ethyl acetate, dried over sodium sulfate, and purified by cohimn 
chromatography ehiting with 5-10% methanol/methylene chloride to obtain l-[2-({2-[(6~ 
amino-5^tro(2-pyridyI))aniino]efhyl}amin 
pyrroIine-2,5-dione. 

7. Preparation of H2^(24(6-ammo-^ 
20 dicfalorophenyl)pyrimidin^ 

A large excess of dimethylamine was added to dean fractions of l-[2-({2-[(6- 
amino-5^tro(2-pyridyl))ami^ 
pynoline-2^-dione concentrated in vacuo. 
HPLC:5215miiL (95% purity) 
25 MS: MH*= 560.2 

Example 98 

Preparation of f2-r(6-ammo-S-mtro(2-pyridylfl 

' tmidazoW(2*pvridvl)1amine 




30 1. Preparation of H2^4-di(MorophecylV2-imidazoM^han-l-one, 

A stirred solution of 1 ^^cUorophenyl^-chloToethan- 1 -one (0.9S M) and 
imidazole (2.68 M) in CH 3 CN (500 ml) wot heated for 14-16 hours at 75 °C. The product 
was stripped of solvent under reduced pressure. Hie residue was diluted with 
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dichloromethane (1 L) and water (400 ml), and the mixture was stirred for 30 min. After 
filtering off a solid impurity, the aqueous layer was removed and discarded. Hie organic 
layer was washed sequentially with water (300 ml), sat aq. NaHCOj (300 ml), water (300 
ml), brine (200 ml), dried with N^SO^ filtered, and concentrated under reduced pressure. 
5 The reddish blade oil was dried overnight in vacuo giving 1 -(2,4-dichlorophenyl)-2- 
imidazolylethan- 1 -one in 90% yield. 

2. Preparation of ethyl S^2,4Kh*chlon)phenyI)^unidazolvl-S-oxopentanoate. 

H2,4-dicUoiophmyl)-2-imidazolyielhan-l-one (0.80 M) was dissolved with 
heating as necessary in a stirred mixture ofTHF (250 ml) and abs. ethanol (250 ml). After 

10 cooling to room temperature, potassium hydroxide (0J20 .M) was added followed by a 
dropwise addition of ethyl acrylate (45.8 ml) via addition funnel over 10 mm A room 
temperature water bath was used to cool the exothermic reaction for the first 30 min. After 
stirring for 14-16 hours, the reaction was neutralized with gla. acetic add (10 ml) and 
concentrated under reduced pressure. The residual dark reddish blade shiny was dissolved 

15 in abs. ethanol (100 ml) and concentrated again under reduced pressure giving ethyl 5-(2,4- 
dichlorophenyl)^imidazolyl-5-oxopentanoate (2) in 108% yield. The crude material is 
contaminated with potassium salts and is used without further purification. 

3. Preparation of 6-<2,4-didJorophaiYlV5-hnidazolyl-l 3,4^trihvdropviidin-2-one. 

A mixture of ethyl 5^2»4H£(^orophen)4>44midazolyl-5^xopentanoate (0.51 M) 

20 was dissolved in gla. acetic acid (245 ml), toluene (135 ml), and abs. ethanol (405 ml). 
Ammonium acetate (3.07 M) and flame dried 4A powder molecular sieves (145 g) were 
added to the stirred solution. Hie resulting mixture was stirred for 44-46 hours at 90-95 °C 
under argon. After 24 hours of heating, additional reagents were added including 
ammonium acetate (0.51 M), acetic add (41 ml), and flame dried 4A powder molecular 

25 sieves (24 g). On cooling methanol (200 ml) was added with stirring for 15 minutes. The 
sieves were filtered and washed with methanol (2 x 150ml). The filtrate was concentrated 
under reduce pressure. To die crude material was added dichloromethane (1.5 L). The 
organic layer was then washed until basic, with 5-10% sodium hydroxide solution (3 x 500 
ml). Hie organic layer was then washed with distilled water (3 x 400 ml), saturated 

30 sodium chloride solution (300 ml), dried with sodium sulfate, filtered, and concentrated 
under reduce pressure; The reddish orange solid was dried in vacuo giving 102 g of crude 
product A solution of 2% methanol in ethyl acetate (90-110 ml) was added to the crude 
product The resulting solid was collected by filtration and washed with ethyl acetate (2 x 
100 ml). The off white solid was- dried in vacuo to give 6-(2,4-dicMorophenyl)-5- 

35 imidazolyl-1 3,4-trihydropyridin-2-one in 60% yield. 
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4. Preparation of ^^^^^^3^sS^S3S^^X^!i^El^^^S^i 

A mixture of 6-(2,4^cWcm)phenyI)-5-iiaidazoiyl- 1 ,3,4-trihydropyridin-2-one 
(021 M), selenium(TV) oxide (0.63), and gla. acetic add (400 nil) was stored for 10 hours 
at 105-110 °C under argon. The acetic acid was removed under reduced pressure. 
5 Methanol (500 ml) was added. After mixing, the solution was filtered to remove selenium 
. residue. To the methanolic solution, lead(II) acetate trihydrate (99 g) and distilled water 
(50 ml) were added and stirred for 1 hour. The mixture was filtered through a celite plug 
(025-0.5 indies). The solution was concentrated under reduced pressure. The crude 
material was purified by a silica gel column. The product was ehited with ethyl acetate and 
10 a slowly increasing gradient of methanol reaching a final concentration of 8%. The proper 
fractions were concentrated under reduced pressure and dried in vacuo. The solid was 
further purified by trituration with a small volume of 1:1 methanol and ethyl acetate. The 
off-white solid was dried in vacuo to give 6-(2,4-dichlorophenyl}-5- 
imidazolyIhydropyridin-2-one in 68% yidd. 

15 5. Preparation of F2-(2,4-dicMorophenyl>6-chto 

To the dry solid 6-(2,4-(fccMorophenyI)-5-i^ (2.40 M) 

was added tf,AWimethylacetamite (6 drops) followed by phosphorous oxy chloride (20 
ml). The reaction mixture was stirred for 18-20 hours at 105-110 °C under argon. The 
phosphorous oxychloride was removed under reduced pressure. The crude product was 

20 taken up in dichlorom ethane (75 ml), and the solvent was removed under vacuum Hie 
sticky solid was dried to a free flowing solid in vacuo 3-4 hour giving [2-(2,4- 
di(±loro{Aenj4)-6-<Moro-3-pyrid>d]imidazole in 167% yidd. The crude material is 
contaminated with phosphorous residue and is used with out further purification. 

6. Preparation of (2-aminoe&yl)f 6-(2.4hK<M^ 
25 The crude material above, [2-(2,4^ddorophenyI>6-d^^ 

was cooled under argon to -78 °C with dry ice acetone. With argon continually flushing 
through die system, ethylene diamine (200 ml) was added very carefully monitoring the 
release of gas and heat After completing the addition, the reaction mixture was stirred for 
5-6 hours at 105-110 °C under argon. Upon cooling, the ethylene diamine was removed 
30 under reduced pressure and dried in vacuo for 2-3 hours. To the residual material was 
added acetonitrile (100 ml) and saturated sodium bicarbonate solution (250-300 ml). To 
file stirred mixture above, sodium bicarbonate solid was added until die mixture was fully 
saturated. After 30 miiL, acetonitrile (300-350 ml) was added to the saturated aqueous 
solution. The mixture was stirred and the layers were separated saving both aqueous and 
35 organic portions. The aqueous layer was extracted with acetonitrile (4 x 250 ml). The 
organic layers were combined and washed with saturated sodium chloride solution (100 
mlX dried with sodium sulfate, filtered, concentrated, and dried in vacuo. The residue was 
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dissolved in methanol (70-90 ml). The mixture was filtered to remove residual salt, and 
concentrated under reduced pressure. Hie off-white solid was dried in vacuo giving (2- 



the initial amount of 6^2,4-dichloropheayl)-5-inn used. The 

5 material contains minimal amounts of salt and was used without further purification. 

7. Preparation of {2J(6Hjgnin^ 
imidazoM(2^pyridyDlamine. 



(0.14 M), 6-dJoro-3-nitro-2-pyridylamine (0.14 M), Ar^Kmethylacetamide (40 ml), and 
10 Hunig's base (2.S ml) was stirred for 12 hours at 85-90 °C under argon- Ethylene diamine 
(3.8 ml) was added to remove die unreacted chloropyridine, and the mixture was stirred for 
an additional 0.75-1 hour at 85-90 °C under argon. After cooling, the reaction was diluted 
with ethyl acetate (500-600 ml), extracted with saturated sodium bicarbonate (4 x 200 ml), 
distilled water (3 x 150 ml), saturated sodium chloride (150 ml). The organic layer was 
15 dried with sodium sulfate briefly (2*3 minutes) so as not to initiate precipitation of the 
product The organic layer was filtered* concentrated, and dried in vacuo. To cause 
precipitation of the product, a minimal amount of methanol (3-5 ml) was added followed 
with the addition of an equal volume of ethyl acetate. Hie mixture was allowed to age for 
2-3 hours. The solid was collected by filtration, washed with minimal 1:1 methanol/ethyl 
20 acetate (5 ml), and a finally 100% ethyl acetate (2 xlO ml). The yellow solid was dried in 
vacuo to give {2-[(6-anrino-5-mtro(2-pyridyl))aniinoJethyl} [6-{2 > 4-<UcUQTophenyi)-5- 
imidazolyl(2-pyridyl)]aminem 61% yield. 
HPLC: 19.8 minC>95% purity) 
MS: M+H = 485 (QuHigQzNgOi+H - 485) 

25 Example 99 

Preparation of 6-rf2-tt4-(2.4^(M^ 



aminoethyl)[6^2,4KiidUorophm^ in 97% yield based on 



A mixture of (2-ammoi^l)[6^2,4-dicM^ 




6^(2-{[4^2,4^chlon^ 
30 ethyl)amino]pyridine-3-carbonitrilewas prepared using die general method for [4^2,4- 
dichlorophenyl>5-imida2»l-2-)^pyrimi(^ {2-[(5-mtn)(2-pyridyi))amino]ethyl}- 
aminewith the exceptions noted below. 
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1. Preparation on^j^jidblo^ 

A solution of 2,4-dichlorobenzoyl chloride (7.24 M) in dichloromeihane (25 ml) 
was added dropwise over 20 minutes to a stirred solution of 2,4-dhnethylimidazole (0.80 
M) in dichlorometbane (75 ml) and JV^-diisopropylethylamine (Hunig's base) (34 ml). 
5 The reaction mixture was cooled during the addition using a water bath. The reaction 
mixture was then heated to reflux for 5 hours. The reaction can turn a darker color. Hie 
product was stripped of solvent under reduced pressure, and the resulting solid was dried in 
vacuo for one hour. 

To the dry solid (described above) was added a solution (2:1 v/v, 120 ml) of gla. 

10 acetic add and aq. con. HCL The mixture was then stirred at reflux for ca 90 min. The 
acetic acid was removed via rotary evaporator. Upon cooling, distilled water (200 ml) and 
toluene (100 ml) were added to fee soKd residue* which was vigorously stirred for 30 min. 
The solids were filtered, rimed with 50 ml distilled water, and discarded. The filtrate was 
transferred to a separatory funnel. After the organic layer was discarded, the aqueous layer 

IS was washed with toluene (2 x 100 ml). The aqueous layer was transferred to a large beaker 
(2 L) and diluted with isopropyl ether (50 ml). The stirred mixture was basified (pH 7*8) 
by careful addition of sodium bicarbonate which leads to the formation of a sticky white 
solid. Dichlorometbane (200 ml) was added and stirring continued for 10- min. Hie 
organic layer was separated and the aqueous layer was again extracted with 

20 dichlorometbane (100 ml). The organic layers wane combined and washed with sat aq. 
NaHCO* (100 ml), distilled water (100 ml), brine (100 ml), dried with Na 2 S0 4 , filtered, 
concentrated, and dried in vacuo giving l^^chloropheny^^methylimidazol^- 
yl)ethan-l-one in 46% yield. 

2. Preparation of (2ZVH2A<hchlonn)hen^^ 
25 yftprop-2-ea-l -one. 

A mixture of H2,4-dichlorophenyl)-2^4-me^ (033 
M) and A^Kmeth>dfonnamide^inneth)1 acetal (DMFDMA) (25 ml) was stirred for 2.5 h 
at 70-75 °C. The DMFDMA was then removed under reduced pressure and dried under 
high vacuum for several hours giving a light orange solid in quantitative yield. The 
30 enaminone product (2Z>-H2,4^cMorophenyl)-3<d^ 

2-yl)prop-2-en-l -one was typically used without further purification. 

3. Preparation of 64(2*aminoefliyl)ammofoyridine-3-caibomtrile. 

A mixture of 2-chIoro-5-cyanopyridine (0.60 M) in acetonitrile (120 ml) and 
ethylene diamine (85 ml) were stirred overnight (ca. 16 h) at 75-80 °C under argon. The 
35 ethylene diamine was removed under reduced pressure and then dried in vacuo for 2-3 h. 
The residual solution was basified with 1M sodium hydroxide solution (-100 ml). The 
aqueous solution was saturated with sodium chloride and extracted with a solution of 95 % 
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ethyl acetate and 5% methanol (3 x 150 ml) and with a solution of 95% acetonitrile and 5% 
methanol (3 xl50 ml). The organic extracts were combined and extracted with a saturated 
sodium chloride solution (2 x 70 ml). The organic layer was dried with sodium sulfate, 
filtered, and concentrated under reduced pressure. The crude white to tan solid was 
5 triturated with ether (2 x 50 ml) and dried overnight in vacuo resulting in 78% yield of6- 
[(2-aminoe&yi)amino]pyridine^ 

4. Preparation of amino {2-f (5>cyano(2-pvridyl))amino1dhyl)carboxamidine > 
hydrochloride. 

A mixture of 6-[(2-aminoethyl)amino]^ (0.47 M), IH - 

10 pyiazole- 1 -caiboxamidine hydrochloride (0.47 MX and acetomtrfle (120 ml) were stirred 
ca. 24 h at 75-80 °C: Upon cooling, a precipitate was collected by filtration. The white 
solid was washed thoroughly with acetonitrile (2 x 100 ml), ethyl ether (3 x 100 ml), and 
dried overnight in vacuo giving amino {2^(5K^ano{2^yridyI))amino] ethyl } caiboxamidine 
as the HO salt in 82% yield. 

15 5. Preparation of 6^r(2-(f4^2»4-di<&0!pp^^ 
yllamino) ^h\d)airdno1pvridine-3-caibonitrile. 

A solution of sodium ethoxide (0.58 M) dissolved in abs. ethanol (15 ml) was 
added to a stirred mixture of (2Z)-l-<2,4^(^oiophenyl)-3-(^ 
mdhylimidazol-2-yl)pTop-2-«i-l -one (0.41 M), amino {2-[(5-cyano(2-pyridyl))amino]- 

20 ethyl} caiboxamidine, hydrochloride (0.43 M), and abs. ethanol (20 ml). The reaction was 
then heated to 75-80 °C for 2.5 hours. On cooling the reaction was diluted with ethyl 
acetate (400 ml) washed with sat aq. NaHCQj (100 ml), distilled water (2x100 ml), brine 
(100 ml), dried with Na^SO^ filtered, and concentrated. The crude product (-50% purity) 
was purified by flash chromatography over silica gel. The column was run starting with 
. 25 1:1 ethyl acetate to hexane, then ethyl acetate which was used until all of the fast moving 
impurities had been removed. The product was ehited with 1.5% methanol in ethyl acetate. 
The column is monitored by TLC using 5% methanol in ethyl acetate as the solvent 
system. The product has UV activity in the long wave length region and "glows" blue on 
the unstained TLC plate. The proper fractions were condensed. The off-white solid was 

30 dried overnight in vacuo giving 6-[(2-{[4^2,4-dichlorophenyl>^ 
yi)pyrimidin-2-yl]am^ in 28% yield. 

HPLC:20.7min(>99%purity) 
MS: M+H == 465 J (C22Hi 8 CoNg+H = 465) 
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Example 100 

Preparation of rS^(lEVl-aza-2-morpholin^vlproi>>l>CT^VK2,4- • 
dicMorophenvl>pvrimidin-2-yl1 {2J(5jgnnM^ 




6 

5 1 . Preparation of 2-[2^,4^(^orophenylV2K)XO^vlTisoindoline>l 3-dione 

1 mmol of 2,4-dichlorophenacyl chloride in DMF was added drop wise to 2 mmol 
of phthalimide and 2 mmol of C32CQ3 in DMF at room temperature for fourteen hours and 
then purified by trituration with diethyl ether to obtain 2-[2-(2,4-didilorophenyl)-2- 
oxoethyljisoindoline- 1 3-dione. 

10 2.' Preparation of 2-f2^Z4^<^orophmylV14(dimeAvlamino)mefevlene1-2- 
oxoethyljisoindoline- 1 J-dione 

1 mmol of 2-[2^4^ticUorophmyl>2^xoe^yl]isoindoline-l ^^dione was heated 
to 80°C in N^-dhnethylformamidedimethyl acetal for six hours. The reaction mixture was 
concentrated in vacuo and purified by trituration with diethyl ether to obtain 2-{2-(2,4- 

15 dichlorophenyl)- 1 -[(dimeth>dammo)methylene]-2K)Xoe*hyl} isoindoline- 1 ,3-dione. 

3. Preparation of 2>m42^(2>r(6-arniiK>-5^tro(2-^ 
dicldorophenyflpyrimidin-5-yllc^ acid 

1 mmol of 2- {2^2,4-dichlorophenyl> 1 - [(dimediylanmo)methylene]-2- 
oxoethyi } isoindoline- 1 ,3-dione> 1 mmol of amino {2-[(6-amirK>-5-nitro(2-pyridyl)> 

20 amino]e%l}cart>oxanudine, and 3 mmol of Cs^Xh were dissolved in DMF and heated to 
90°C for fourteen hours. The reaction mixture was concentrated in vacuo and diluted with 
water and ethyl acetate. The solution was extracted three times with ethyl acetate and dried 
over sodium sulfate to obtain 2-{N-[2<{2^(6-amino-5nQitro(2- 
pyridyl))ammo]eibyl}aniiM 

25 arid. 

4. Preparation of 2-f24{24(6-ap^o-S-mtr^ 
diclflorophenyflpyrimid^ 

1 mmol of 2-{N^2^{2-[(6-amino-5-nitro(2-pyridyl))ffl 
dichlcm)phenyl)pyrinn^ arid was heated to 120°C in acetic acid 

30 for four hours and concentrated in vacuo to obtain 2-[2<{2-[(6-amino-5-nitn>(2- 
pyridyi))amino]e&yi}ammoH 
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5. Preparation of [S^^o^Z^^^^r^^QByrw^^^ f 2-{f ^xm™< *5-mtio(2- 
pyri(M))amino1ethyl) amine 

1 mmol of 2-[2-({2-[(6-amino-5-ni^ 
dicWorophenyl)pyrimidin-5-yl]i soindoline- 1 ,3-dione and 20 mmol of hydrazine were 
5 stirred in ethanol at 75°C fin* two hours and purified by column chromatography eluting 
with 5-10% methanol/methylene chloride to obtain [5-amino-4-{2,4-dichlon> 
pheayl)pyrimidm-2-yl]{2-[(^ 

6. Preparation ofN-r2-((2-r(6-amino^ 
dicMoropheayppyrimidi^^ 

10 1 mmol of [5-amino-4^2,4^chlorophenyl)py^^ 

pyridyl))amino]ethyl} amine and 1 mmol of acetic anhydride were stirred at room 
temperature for four hours in 1HF. The reaction mixture was concentrated in vacuo and 
diluted with water and ethyl acetate. The solution was extracted three times with ethyl 
acetate, dried over sodium sulfate, and purified by column chromatography eluting with 5- 

15 10% methanol/methylene chloride to obtain N-[2-({2-[(6-anrii^ 
pyridyl))amino]e&yl} amiiK^ 

7. Preparation of 1 -{r2-(f 24(6-amino-5-mtr^ 
dichlorophenyl)pyrimidin-5-yl1amino>eaiane-l -thione 

1 mmol of N-[2-({2-{(6-amino-5-i^^ 

20 didilorophenyI)pyrimidin-5-yI]acetamide and 2 mmol of Lawesson's reagent wore stirred 
in 2 ml of DME at 80°C The reaction mixture was concentrated in vacuo and diluted with 
water and ethyl acetate. The solution was extracted three times with ethyl acetate, dried 
over sodium sulfate, and purified by column chromatography ehiting with 5-10% 
methanol/methylene chloride to obtain l-{[2-({2-[(6-annno-5-nitn>(2-pyridyi))- 

25 amino]elhyl}aminoM-(2,4-di^ 

8. Preparation of r5^nZVl-aza-2^orpholin^ylprt^l^yl>^2,4- 
djchlorophenyl)tryrimidm>2-yl1 f 2-f (6-amino-5-nitro(2-pyrid^)amino1e6iyi>amine 

1 mmol of l-{[2-({2-[(6-amino-5-n^^ 
dichlorophenyl)pyr^ was heated , to 90°C in morpholine 

30 and purified by column chromatography eluting with 5-10% methanol/methylene chloride 
to obtain [5^(lZ)-l-azar2-marpbolin^ 
yl] {2-[(6-amino-5-iutro{2~pyridyl))amino]ethyl } amine. 
HPLC: 9-75miiL (100% purity) 
MS:MH*=5463 
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Example 101 

Preparation of r4-(2,4^chloropheQylV54m ( 2-r(6-metfaoxy-S- 

nitro(2-pvridyl))aiDino1efliyl|amme . 



To a suspension of sodium hydride (684 mg, 28.49 mmol) in xylene (100 mlX 
methanol (0.98 ml, 25.9mmol) in xylene (30 ml) was added under nitrogen. The mixture 
was stirred for 20 min. A solution of 2,6-<Mchloro-3-mtropyridine (5.0g, 25.9mmo) in 
xylene (100 ml) was added to the reaction mixture and stirred at room temperature 
10 overnight Water (50 ml) was added and the organic layer was separated The organics 
was washed with water (IXSQml) and brine (2x50ml), dried, and concentrated in vacuo. 
The crude product was purified by flash chromatography (10:1 methylene chloride and 
acetone) to provide the desired compound, 6-chloro-2^etho^-3Hiitro^>yridine, as the 
only isomer as light yellow solid (90%). 

15 2. Preparation of r4<2»4^cMoipphenyiyS-imidaz^ 

5-nitro(2-pvridvniaminoletiivl|amine 

* To a solution of [4^2,4KHcMorophenyl)-5-iimd 

(20 mg, 0.04 mmol) in DMF (lml), 2-methoxy-3^tro-6^oio-pyridine (83 mg, 0.04 

mmol) and diisopropylethyl amine (31 jil, 0.18mmol) were added. The reaction mixture 
20 was stirred for 12 hours at 80°C The crude mixture was concentrated in vacuo and 

subjected to column chromatography (10% methanol in methylene chloride) to afford [4- 

(2,4^chloiuphenyl)-5-iiiu {2-[(6-methoxy-5Hoitro(2-pyridyl)>- 

aminojethyl) amine as bright yellow solid. 

HPLC: 3.1 min (100% pure) 
25 MS: MH4- 501 C21H18C12N803 = 500g/mol 




5 1. Preparation of 6^^6ro-2>methoxy-3Hiitro-PYridine 



Example 102 
Preparation of f4^2»4KhcMorophenyl>5-im^ 

nitro(2^vridyl))aminolethvl) amine 



30 [4^2,4^<Morophenyi>5^^ 

pyridyI))amino]ethyl} amine was prepared from [4-(2,4-dichlorophenyl>5-imidazoH- 
ylpyrimidin-2-ylethylainine in accordance to the procedure described above for the 
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preparation of [4^2,4^cMoiopheayl^ 
nitro(2-pyridyl))amino]ethyl} amine. 
HPLC: 33min (100% pure) 
MS: MH*= 501 C21H18C12N803 = 500gfoaol 

5 Example 103 

Preparation of 6-f(2- ( r4^2»4^chJorophenylV 5-inud^ 
yllaminol efeyl)aminoV34ntcopyridin-2-ol 

[4^2,4^cMorophesiyl>5-imid^ 
10 p)*idyl)amino]efeyl}amine (Tmg, O.Olmmol) was treated with hydrobromic acid (10071) 

and acetic add (10071) and stirred at 100°C overnight The mixture was concentrated in 

vacuo and lyophilized to give 6^(2-{[4^2/Wichlorophenyi>5-im 

yl]amino}dhyl)ainino^3-iiitropyridm-2-ol as a dark brown solid. 

HPLC: 2.7mm (100% pure) 
15 . MS: MH+*= 487 C20H16O2N8O3 = 486 g/mol 

. Example 104 

Preparation of 6-IT2- (r4^2,4HiicfalorophenvlV5~inrida2olylpvrim 
yflamino) efeyl)aminoV3-nitropvridii^2H)l 

20 6-[(2-{[4^2,4^chloropheayi>^ 

nitropyridin-2-ol was prepared from [4^2,4Hli(^OK)phenyl)-5--imidBZol- 1 -ylpyrimidin-2- 
yl] {2-[(6-mdhoxy-5^tro(2-pyrid)d)ammo]^yl}amine (Tmg; 0.01 mmol) by following 
fee same procedure as described for fee preparation of 6-[(2- {[4-(2,4-fecUon>phenyi)-5- 
imidazol-2-ylpyrimidm-2-yl]a 

25 HPLC: 2.46min (100% pure) 

MS: MH-H= 487 C20H16C12N8O3 = 486 g/mol 

Example 105 
Preparation of l-{6-f(2-(r4^2«4^cMonnAenyf^ 

yl1aminolefe^)amino]-3-pyridyl>ethan--l-one 

30 

l-{64(2-{[4-(2,4-<hcMoropheny^ 
ammo}-3-pyridyl} ethan- 1 -one was prepared finom [4-(2,4-didilorophe3iyl)-5-imidazoM - 
ylpyrimidin-2-ylJdbylamine and 1 -<6-chlon>-3-pyridyJ)-efeanoiie (prepared as described in 
Tetrahedron 48:9233 (1992)) in accordance to die procedure described above for fee 
35 preparation of [4^2>4^chloiophenyl)-5-in^ 
nitro(2-pyridyl))amino]^iyl} amine. 
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Example 106 

Preparation of f4^2,4^c^orophenyiy5-in^ 
(jminop^ 6-f(2- ( r^^A-dichlorophenvdV 

5-imidazol-2-ylpyrimidi^ ' 

5 

[4^2,4^chlon>pheDy^^ {2-[(5-cyano(2-pyridyi>- 
amino]ethyi}amine (20 mg, 0.04mmol) was treated with saturated solution of methanolic 
ammonia (1ml) and ammonium chloride (lOmg) and stirred at 60°C overnight The crude 
product was purified by column chromatography (10%methanol in methylene chloride) to 
10 provide the tide compounds as white powder. 
HPLC: 2.38 min (100% pure) 
MS: 484 C22H20C12N7O =483 gteol 
HPLC: 1.94 min (100% pure) 
MS: MH-H=469 C22H20O2N7O =468 g/mol 

15 Example 107 

Preparation of {6-f(2-(r4-<2.4^cMoroph^ 
yllaminolethyftamino^ 

A solution of [4^2,4^ chlorophrayl)-5-imidazol-2-ylpyriim 
20 cyano(2-pyridyl)amino]ethyl } amine (20 mg, 0.04mmol) in aqueous ethanol(50?l of water 
. in 500 ?1 ethanol) was treated with hydoxylamine hydrochloride (3.0 mg, 0.04mmol) and 

diisopropylethyl amine (16 71, 0.08 mmol). Hie reaction mixture was stirred ovemigjit 

under reflux, and concentrated in vacuo. The residue was taken up in ethylacetate and 

washed with brine and concentrated. The crude mixture was subjected to column 
25 chromatography (10% methanol in methylene chloride) to give {6-[(2-{[4-(2,4- 

dichlorophenyl)-5-iinida^ 

methylhydroxylamine. 

HPLC: 2.16 min (100% pure) 

MS: MH4- 484 C21H190C12N9O = 483 g/mol 

30 Example 108 

Preparation of {jjJjgjJg^jkMd^ 

yTlamino} e&yflamino1(3-pyricfrl)limb 

{6^(2-{[4-(2,4Hfcchlaropheny^ 
35 amino](3^yridyl)}immom€&yQ9droxylaa^ was prepared fiom [4-(2,4- 
dichloropheayl)-5-imidazoH^ in accordance to the procedure 
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described for the preparation of {6-[(2-{[4^2,4^chlorophenyl)-5-imi 

2-yl]amino}ethyl)amino](3-pyrid^ 

HPLC: 2.19 min (100% pure) 

MS: MH+= 484 C21H190C12N9O « 483 g/mol 

5 Example 109 

Preparation of 64(2-{f4^2,4^cfalorophenyiyS-imida^ 

ylTamino) efcyl)ainmoTpyridme-3^aiboxamidiiie 

A solution of [4^2,4^chlorophenyl>5-imidazo^ 

10 cyano(2-pyridyl)amino]ethyl} amine (20 mg, 0.04mmol) in saturated solution of 
methanoic ammonia was stirred at 60°C for 48 k The product was purified from the crude 
using reverse phase column chromatography to give 6-[(2-{[4-(2,4-didilon)phaiyl>5- 
imidazol-2-ylpyrimidin-2-yl]amino} ^yl)amino]pyridine-3-<aiboxamidine. 
HPLC: 2.14 min (100% pure) 

15 MS: MH+= 468 C21H19C32N9 = 467 g/mol 

Example 110 

Preparation of f4^2,4^c^orophenyl V5-farridazol-l -ylpyrimidin-2-yn (2-f ( 4~cyano (2~ 

pyridyl)aminolethyl)amine 

20 [4^2,4^c^orophenyl)-5-imida2©]-l -ylpyrimidin-2-yl] {2^(4-cyano(2-pyridyl)- 

amino]ethyl} amine was prepared from [4^2,4^chloropheny])-5-imidazol-2-ylp>Timi 
2-yl]ethyiamine and 2<hloro-4-cyanopyridine in accordance to the procedure described 
above for the preparation of [4^2,4^chlcm)phenyl>5-imid^ 
mefcoxy-5-nitro(2-pyridyl))amiiio]e&yi}amine. 

25 HPLC: 2.79 min (100% pure) 

MS: MH4- 451 C21H16C12N8 - 450 g/mol 

Example 111 • 
Preparation of (64(2-(f4^2,4^cMorophenviy5^ 
ylTamino ) efeyl)amino)-3^tro(2-pyri 

30 

1. Preparation of 6--cMaiD>2*dimeftylamino-3-nitro pyridine 

A mixture of 2 > 6^chloro-3^tropyridme (1.9 & IQmmole) and potassium 
carbonate (1.66& 12mmole) in 30ml of tetrahydrofuran was stirred at 0°C for 5 min A 
solution of dimethyl amine/tetrahydrofiiran (2M, 6ml, 12mmole) was added dropwise to 
35 the reaction mixture over 40 min. After stirring for 5 min at 0°C, the mixture was wanned 
to room temperature and stirred overnight The reaction mixture was Stored and the 
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filtrate was collected and concentrated under reduced pressure. Hie crude product was 
purified by flash chromatography, eluting with 87% hexane: 13% ethyl acetate to give 6- 
tWor^2-dimethylaminoO-nitro pyridine (L05g). 
HPLC: lU8min(90%pure) 
5 MS: MH-H202.1 C7H8C3N3Q2 =201g/mol 

2. Preparation of {64(2-{f4^2,4^(MorophQnvfl-5-imida^ 

yflamino } ethyl)amino1-3-nitro(2HJyridyl)} dimethylamine- 

{6-[(2- {[4^2,4KHchlorophenyl)-5-imidazol-2-ylpyri^ 

amino]-3-mtn>(2-pyridyl)} dimetbyiamine was prepared from [4-(2,4-didilon)phenyl>5- 
10 imidazol-2-ylpyrimidin-2-yl^ylamine and 6-<^oro-2-<iimethylamino~3 -nitro pyridine in 

accordance with the procedure described above for the preparation of [4^4- 

dicWorophenyl>5-imidazol-2-y!pyrimidm {2-[(6-methoxy-5-nitro(2-pyridyl)>- 

amino]ethyl}amine. 

HPLC: 1 1.5 min (85% pure) 
15 MS: MH4-514.2 C22H21C12N902 = 513g/mol 

Example 112 
Preparation of {64(2-(r4^2.4^cbloroi)heOT 

yflamino] ethyRamino V3 -nitro(2-pvridyI)} dnnethylamine 

20 {6-[(2- {[4-(2,4-di cMarophenyl)-5-imidazolylpy^ ethyl)amino]- 

3-nitro(2-pyridyl)} dimethylamine was prepared from [4^2,4-^ichlorophenyl)-5-imidazol- 
Uylpyrimidm-2*yl^ylamine and 6KWoro-2-dim^ylamino-3-nitro pyridine in 
accordance with the procedure described above for the preparation of [4-(2,4- 
dicWorophemyl)-5-imida2ol~2-yipyrimidin-2-yl] {2^(6-methbxy-5-mtro(2-pyridyl))amino> 

25 ethyl} amine. 

HPLC: 1 L6 min (85% pure) 

MS: MH-t-514 J C22H21O2N902 - 513g/mol 

Example 113 

Preparation of r4^2.4^cMoropheoyiy5-imi 
30 (methylaininoV5Hdtn)(2-pyridyniamino}ethyl)amm 

1 . Preparation of 6<hlorD-2"mettiylanritMv3^troHJVridine 

6^oro-2-me&ylaij±ic)-3-nitro-pyridine was prepared in accordance to die 
procedure described above for the preparation of 6-chloro-2-dimefli)damino-3-nitn) 
35 pyridine by using solution of methyl amine. The crude product was purified by flash 
chromatography, eluting with 90% hexane: 10% ethyl acetate to 16 (300mg). 
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HPLC: 12.06 min (85% pure) 

MS: MH-H= 188.1 C6H6ON302 187g/mol 

Preparation of r4^2»4^chloiophenY^^ 
(m^y1aimiioV5^tro(2H^yridyl)1amino>^yl)amiDe 
5 [4^2,4Hfichlorophenyl)-5-imida2x^ 

mtro(2-pyridyl)]amino} ethyl)amine was prepared from [4-{2,4-dichlorophenyl)-5- 
imidazol-2-ylpyrimidiiH2-ylethyIainiiie and 6K^oro-2-methyIamino-3-nitn>-pyridine in 
accordance with the procedure described above for the preparation of [4-(2,4- 
dkUoropheayl)-54im 
10 efey]} amine. 

HPLC: 11 min (85% pure) 

MS: MH*= 500.3 C21H19O2N902 499gtool 

Example 114 

Preparation of r4^2,4^chlorophenyiy5-imidazoW 
15 5>nitro(2-i>vridyl)1amino| ethvDamine 

[4^2/Wichloropheayl)-5-imidazo^ { [6-(methyiamino)-5- 

nitxo(2-pyridyl)]amino} ethyl)amine was prepared from • [4-<2,4-dichlorophenyl)-5- 
imidazol- 1 -ylpyrimidin-2-ylethyIanrine and 6-chloro-2-mediyiaminc>-3-nitro-pyridine in 
20 accordance with the procedure described above for the preparation of [4-(2,4- 
dichlorophenyl}-5-imidazol^ {2-[(6-methoxy-5-nitro(2-pyridyl)>- 
amino] ethyl } amine. 
HPLC: 1 13 min (85% pure) 
MS: MH4- 500.3 C21H1902N9Q2 499g/mol 

25 Example 115 

Preparation of 2,6^chlon)pyridine-3"Carboxamide; 
2,6Khchlonn>yridine-3-<^rbonitrile; and 
6-<Moro-2-meflK)xypvridine-3-<aibonitrile 

1. Preparation of 2,6^chloropvridine-3-<arboxainide 

30 A mixture of 2,6-dichloro-3-carboxypyridine (5.73 g> 30 mmole) and N- 

methylmorpholine (3.6 ml, 33 mmole) in dichloromethane (100 ml) was stirred in an ice- 
bath for 5 min. Isopropyi chlorofonnate (428 ml, 33 mmole) was added the reaction 
mixture at 0°C. The reaction mixture was stirred for 30 min and then bubbled with pore 
ammonia gas for 2 min. . and stirred overnight at room temperature. The crude was 

35 concentrated under reduced pressure and sodium bisulfite (0.5M, 35 ml) was added with 
stirring. The aqueous solution was extracted with ethyl acetate (3X 40ml). The organics 
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was washed with water and brine and dried with sodium sulfite to give yellow exude 
product (63g, 50% pure). 

Preparation of 2,6-didiloropvridine-3-caibonitrile 

To a mixture of 2,6rdichloro-3-acetamidopyridine (6.3g, 55% pure) and pyridine 
5 (4.93ml, 61mmole) in dichloromethane (100 ml), trifluoroacetic anhydride (4.23 ml, 30 
xnmole) was added. The reaction mixture was stirred at room temperature overnight and 
concentrated under reduced pressure. The exude product was' purified by flash 
chromatography, etuting with 85% hexane: 15% ethyl acetate to give a pale yellow product 
(1.77g,90%). 
10 HPLC: 10.26 min (90% pure) . 

MS: MH+= 172.9 C6H2C12N2 171.9gfaiol 

Preparation of 6-^on>-2Hne>hoxvpyridin&>3HaibQnitrile 

6-chloro-2-methoxypyridine-3-<^iibcaiitrile was prepared from 2,6-dichloro- 
pyridine-3-carboxamide in accordance with the procedure described above for the 
15 preparation of 6^oro-2-medioxy-3-nitro-pyridine. 
HPLC: 11 37 min (80% pure) 
MS: MH-f= 169.1 C7H5CIN20 i68g/mol 

Example 116 
Preparation of 6~r(24f4^4^chloiQphenyiy5-ii^ 
20 vilaminol ^ynaminoV2-mefcoxvpyridine-3-(arbointrile 

6-[(2- {[4^2,4^chlorophenyl)-5-iinidazo^ 
methoxypyridine-3-carbonitrile was prepared from [4-{2,4-didilon)phaiyl>5-imidazoM- 
ylpyrimidin-2-ylethylamine and 6^oro-2^dhoxypyridine-3-carbonitrile in accordance 
25 with the procedure described above for die preparation of [4-(2,4-dichlorophenyI>5- 
imida2»l-2-yipyrinridin-2-yl] {2-[(6-me^xy-5-mtro(2-pyridyl))amino]ethyl} amine. 
HPLC: 1 1.8 min (85% pure) 
MS: MH4- 481 2 C22H18O2N80 480gfoiol 

Example 117 
30 Preparation ofj^Hg^flj^^^ 

<H(2- {[4^2,4^ c^orophenyl>5-irmdazol-2«ylpynm 
2^dhoxypyridtne-3-carbonitrile was prepared from [4-(2,4-<ii chlorophenyl)-5-imidazol- 
35 2-ylpyrimidin-2-yiethylamine and 6^1oro-2^ethoxypyridine^3K^rbonitrile in 
accordance with the procedure described above for the preparation of [4-(2,4- 
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dichloiiophemyl)-5-iimdazol^ {2-[(6-methoxy-5-nitro(2- 

pyridyl))amino]ethyl}amine. 

HPLC: 1 1 37 min (80% pure) 

MS: 169.1 C7H5CIN20 168g/mol 

5 Example 118 

Preparation of N-{6-r(2-{f4-(2 % 4HlicAJo^ 

yllamino } efcyl)amiiK) V3-mtro-2-pyridyl| acetamide 

1. Preparation of N-(6^om-3-mtro-2-trrodyl)ac^amide 

10 To a suspension of sodium hydride (1 20 mg, 5 mmole) in tetrahydrofuran( 1 0 ml), a 

solution of 2-aiidno-3-nitro-6-<^oropyridine (870 mg, 5 mmole) in 20ml of 
tetrahydrofuran (20ml) was added. The reaction mixture was stirred at room temperature 
for 30 min. A solution of acetic anhydride (377 pi, 6 mmole) in tetrahydrofuran (10 ml) 
was added and stirred at room temperature overnight The reaction mixture was quenched 

IS with water and concentrated under reduced pressure. The crude product was dissolved in 
dichloromethane and washed with brine. The organic layer was dried with sodium sulfate 
and then concentrated under vacuo/ The crude was purified by flash chromatography, 
eluting 78% hexane: 22% ethyl acetate to give a yellow product (88 mg). 
HPLC: 636 min and 9.78 min (88% pure) 

20 MS: MH-H= 215.9 C7H6CJN303 215g/mol 

2. Preparation of N- (6-f(2- (r4-(2,4^cMoropheayl^ 
yllammolethyl)amiroT-3Hri^ 

N-{6H](2-{[4^2,4hK<M^^ 
amino]-3-nitro-2-pyridyl}acetamide was prepared from [4-(2,4-dichlon>phenyl)~5- 
25 imidazol-2-ylpyrixmdin-2-ylethylamine and N^6-chloro-3-nitn>-2-pyridyl)acetamide in 
accordance with the procedure -described above for the preparation of [4-{2y4^ 
dichloiopheQyl)-5-m^ 
ethyl} amine. 

HPLC: 10.6 min (85% pure) 
30 MS: MH+= 5282 C22H19C12N903 527 g/mol 

Example 119 

Preparation ofNJ^gt^^ 

yllamino} ethyl)amim1-3^tro-2Hryridyl} acetamide 

35 N-{6-[(2-{[4-(2,4Hfichloro^^ 

ammo>3-nitro-2-pyridyl } acetamide was prepared from [4-(2,4-dichlorophenyl)-5- 
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imidazol- 1 -ylpyrinridii^2-yie%lamine and N^6K^oro-3-nitro-2^yridyl)acetamide in 
accordance with the procedure described above for the preparation of [4-(2,4- 
dicMoropheayl>5-inudazol-2^ {2-[(6^me&oxy-5-nitro(2-pyridyl))amino]- 
ethyl} amine. 
5 HPLC: 10.8 min (85% pure) 

MS: MH4= 5282 C22H19C12N903 527 g/inol 

Example 120 
Preparation of (64(2-(f4-(2»4^<M>rophenviy^ 

yilamino } ethvl)amino V3^iitrof2-pvridYl) } (mdhvisulfonvl)amine 

10 

1. Prepggtioi^ 

(6^0K)-3-nitro(2-pyridyl))(methylsulfonyl)a^ was prepared from 2-amino-3- 
nitn>-6-diloropyridiiie and methane sulphonyl chloride in accordance with the procedure 
described above for the preparation of N-(6-cWorO"3Hoitro-2-pyridyl)acetainide. 
15 HPLC: 8.08 min (90% pure) 

MS: MH+=* 251.9 C6H6C1N304S 251gfaaol 

2. Preparation of {6-K2-jr4-(Z4-di^^ 
ylTaminolethyl)amino>3^ 

{6-[(2- { [4^2,4^ chlon)phenyl)-5-iimda^ . 
20 araino>3-nitn>(2^yridyl)} (methylsulfonyl)amine was prepared from [4-(2,4- 

dichloropheayl>5-imidazol^ and (6-chloro-3-nitro(2- 

pyridyl)Xmethylsulfon)4)amine in accordance with die procedure described above for the 

preparation of [4-(£4-dichlorophenyiV^^ 

mtro(2-pyridyl))ammo]efiiyl} amine. 
25 HPLC: 10.8 min (85% pure) 

MS: MH+= 564 C21H19C12N904S 563g/mol 

Example 121 

Preparation of 1 6-f(2- f r4^Z4KhcMorophenYiy 5-imid 

yflamino) ethvl)ammo V3-njtro(2"pvtidvl)) (methylsulfonyl)amine 

30 

{6-[(2-{[4^4^cMorophenyi}-5-^ 
3^tre(2-pyridyl)}(methyisulfbnyl)amine was prepared from [4-(2,4-<fcchloropheayl)-5- 
imidazol-1 -yipyrimidin-2->dethylamine and (6<hloro-3^tro(2-pyridyl))(mdhylsulfonyl> 
amine in accordance with the procedure described above for the preparation of [4-(2,4- 
35 <KchIorophenyl)-5-imida^ {2-[(6-me&oxy-5~nitTo(2-pyridyI))amino]- 
ethyi} amine. 
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HPLC: 11 J min (85% pare) 

MS: MH+ es 564 C21H19C12N904S 563gfmol 

Example 122 

Preparation of (2464(2-1 r4^2Adi<^orophenylV5-^ 

yllamino) ^yl)aminoV3-nitrof2-pvrid\doxv)) ethyfldimethylamine 

L Preparation of r246-chloro-3-nitro(2-^^ 

[2^6^oro-3-nitro(2-pyridyloxy))eth^^ was prepared from 

dimethylaminoethanol in accordance to the procedure described above for the preparation 
of 6^oro-2-methoxy-3-nitn>^>Tidine. 
HPLC: 4.9 min (65% pure) 
MS: MH+= 246,1 C9H12CIN303 245gfau>I 

2. Preparation of (2464Q4f442.4nKcM 

yl1amino>etbyl)aminoV3»nitro(2-pvridyloxv)) efoyl)dimethylamine 

(2-{6-[(2-{[4^4-dicMorop^ 
amino>3-ni1ro(2-pyridyioxy)} eihyl)dmietbyiamine was prepared from [4-(2,4-dichloro- 
ptienyi>-5-iinidaOTl-2-yl^^ and [2^6<idoio-3-nitro(2-^jyridyloxy))- 

ethyl]dimefeylaniine in accordance with the procedure described above for die preparation 
of [4^2,4^<^orophenyl>5-iim {2-[(6-meflK)xy-5-nitro(2- 
pyridyl))amino]ethyl} amine. 
HPLC: 8.5 min (85% pure) 
MS: MH+= 5583 C24H25C12N903 557.1 g/mol 

Example 123 
Preparation of (2464(24r442AKhchlorophen^ 

(246-[(24[442,4^chlorophe^ 
amino)-3-nitro(2-pyrid>doxy)}efliyl)dim^ was prepared from [4-{2,4- 

dichlorophenyl>-5-iinidazol- 1 -ylpyrimidin-2-ylethylainine and [2-(6-diloro-3-nitn)(2- 
pyridyloxy))ethyl]dimethylainiiie in accordance with the procedure described above for the 
preparation of [4-(2,4^cMorophenyI>5-^ 
nitro(2-pyridyl))amino]elhy] } amine. 
HPLC: 83 min (85% pure) 
MS: MH-H= 5583 C24H2502N903 557.1g/mol 
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Example 124 

Preparation of ( 1 ZH -a2a-2^6^oip(3-pyridyQV 1 -methoxyproiM -eae 

To a solution of 5-(2-dJoropyidiiiyl)oxime methyl ether (540 mg, 32 mmole) in 
5 acetonitrile(9mlX ethylene diamine (2.8 ml, 42 mmole) was added The reaction mixture 
was stirred at 85°c overnight , concentrated under vacuo. The crude product was dissolved 
in aqueous sodium hydroxide (1M, 15ml) and extracted with ethyl acetate and a mixture of 
acetonitrile/methanol (10:1 ). The organic extract was dried with sodium sulfate to give 
( 1 Z> 1 -aza~2-{6-chl oro(3 -pyridyl))- 1 -m ethoxyprop- 1 -ene as an yellow ofl (547 mg, 75%). 
10 HPLC: 1 .8 min (75% pure) 

MS: MH+= 195.1 C9H14N40 194.1g/mol 

Example 125 
Preparation of (2-(r5-fflZ)-2-aza-2-meftoxy^ 

(2^4^chlorophenylV5-imidazolylpyrinaidin-2-yl1amine 

15 

(2-{[5<(i;^2-a2^2-mefooxy-l^^ 
dic^orophCTyl)-5-mudazolylpyrimidin-2-yl]amine was prepared from the guamdine 
(which was made from [2^6-^c^3-nitro(2-pyridyloxy))ethyl]dimethylainine and the 
corresponding eneaminone). 
20 HPLC: 93 min (85% pure) 

MS: MH+= 483.2 C22H20O2N8O 482gtool 

Example 126 
Preparation of {24(6-mimo-5^trofl^ 

imidazoIylpyrimidin-2-ylTamine 

25 

{2-[(6-amino-5-nitro(2-pyri 
pyrimidin-2-yl]amine was prepared from [4^2,4^dilorophenyI)-5-imidazol-l-- 
ylpyrimidin-2-ylethylainine and 2-chloro-5- nitro-6-arrrinopyridine in accordance with the 
procedure described above for the preparation of [4^2,4KH<±Jorophenyl)-5-imidazol-2- 
30 ylpyrimidin~2-yi] {2^(6<ne&oxy-5-nitro(2i>yridyl)^ 
HPLC [Method AZ-S], 6.15 min (100%) 
MS(nH:H/z),486. 

Example 127 

Preparation of 6-f(2-(r4-(2»4^dflorop^ 
35 yjlgnrinolefl^ 
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<H(2- { [4^2,4KUcMorophenyl^ 
pyridine-3 : -caibonitrile was prepared from [4^2 > 4^chIorophe3iyl)-S-iinidazolylpyrimid^ 
2-ylethylamine and 2-chloro-5-cyanopyridine in accordance with die procedure described 
above for die preparation of [4^2,4^chlorophenyl)-5-M {2-[(6- 
5 m^oxy-5-nitro(2-pyridyi))amin6]^hyl} amine. 
HPLC [Method AZ^S], 5.94 min (100%) ; 
MS(m+H/z), 451. 

Example 128 
Preparation of r4^2,4-jti<Moropheny^ 
10 hydro-1^4-triazolorU5-a^ 

[4^2,4Hfcdriorophenyl>5-imid^ {2-[(5-mdhyl(7a-hydn^l > 2,4-. 

triazolo[l>*]pyrimidin^ was prepared from [4-(2,4- 
dichlorophenyl> 5-unidazol- 1 -ylpyrimidin-2-ylethy lamine and 7-me%l-9-chloro-l,2,4- 

15 triazolo(l,5^)pyrimidine in accordance with the procedure described above for the 
preparation of [4^2 > 4^cMorophenyl)-5-^ 
mtro(2-pyridyi))amino]ediyl}amine. 
HPLC [Method AZ^S], 5.80 min (70%) ; 
MS(m+H/z), 481. 

20 Example 129 

Preparation of Q^2 a 4 = <hchlo^^ {2-K5- 
trifhiorcraethyi(2-pyridyl))^^ } amine 

[4^2,4^(Worophenyl>5-imidazolylpyrimid^ 

25 pyridyi))amino]etbyI} amine was prepared from [4-^4-dichloropben^i)-5-ixnidazol-l- 
ylpyrimidin-2->1efby]amine and 2HWoro-5-triflnortnnethylpyridine in accordance with the 
procedure described above for the preparation of [4-(2,4^ddorophenyI>5-imidazol-2- 
ylpyrimidin-2-yl] {24(6-medioxy-5-nitro(2-pyridyl))amino]ethyl} amine. 
HPLC [Method AZ^S], 7.62 min (60%).; 

30 MS(m+H/z), 494. 

Example 130 

Preparation of4 = £2 1 4 = dic^ 

2-yl))aminolediyl}amine 

35 4-(2,4^ddorophenyi)-5^^ 

amino]eihyl } amine was prepared from [4^2,4^cWorophenyl)-5-imida2»M 
2-ylethyiamine and 2-diloro-5HUtn>-tfaiazole in accordance with the procedure described 
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above for the preparation of [4^2,4^<M>ropheayl^ 
methoxy-5-nitro(2-pyridyl))amho]e^^^ 
HPLC [Method AZ^S], 7.14 min (100%) ; 
MS(m+H/z), 477. 

5 Example 131 

Preparation of f4-(2»4-di<Mon)pheaYlV5-iim^ 

cMoropyrimidin-4 -vDaminolethyl) amine 

[4-(2,4-dichIoropheayl)-5-iri 
10 amino]ethyl}amine was prepared from [4-(2 > 4^cWoropheoyl)-5-imidazol--l -ylpyrimidin- 

2-ylethylamine and 4,6Khchloropyrimidine in accordance with the procedure described 

above for the preparation of [4^2,4-dichlorophenyl)-5-i^ {2-[(6- 

me&oxy-5^tro(2-pyridyl))amino]^yl}am^ 

HPLC [Method AZ-S], 7.43 mm (80%); 
15 MS(m+H/z), 461. 

Example 132 

Preparation of r4^2,4HK(^orophenylV5-iimda^ (24(6- 
cfalorobenzotHazo 1-2-yDaminolethyU amine 

20 [4^2,4Hfi(Moroph^l>5-imidazolylpyrimidin-2-yl] {2-[(6-chlorobenzothiazo 1-2- 

yl)amino] ethyl} amine was prepared from [4-{2,4-dichloTophen>d)-5-inidazol- 1 - 
ylpyrimidin-2-ylethylamine and 2,6-<iichlon)benzothiazole in accordance with die 
procedure described above for the preparation of [4^2,4^chlorophenyi)-5-4midazol-2- 
ylpyrimidin-2~yl] {2-[(^methoxy-5-nitro(2-pyridyl))amino]elhyl}an^ 

25 HPLC [Method AZ-Sl 8.23 min (100%) ; 
MS (nH-H/z), 516. 

Example 133 

Preparation of r4^2AdichloiophePYlV5-in^ f 24(3-nitro(2- 

tMenyl))amjno1ethyl}amine 

30 

[4^2 > 4nhddon)phemyl)-5-imidazolylpyrimidm- {2-[(3-nitro(2-thienyl))amino]- 
ethyl} amine was prepared from [4^4^chlorophenyl)-5-i^ 
ylethyi amine and 2-chloro-3-nitrothiophe&e in accordance with the procedure described 
above for die preparation of [4-(2,4^chlorophenyi}-5-im {2-[(6- 
35 mdlK)xy-5-nitro(2-pyrid>1))amino]eaiyl} amine, 
HPLC [Method AZ-S], 9.50 min (75%) ; 
MS(m+H/z), 495. 
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Example 134 

Preparation of4-aminc>-24(2-(r4^2,4^(^^ 

yflaminoieth yl)aminoTpyrinudiDe^S-carbomtrile 

5 4-anuiK>-2H;(2-{[4^ 

amino]pyrimidke-SH5aibonitrile was prepared from [4^2,4^chlon>phenyl)-5-imidazol-l - 
ylpyrimidin-2-yiethylamine and 2-chloro^amino-5-cyanopyriinidine in accordance with 
the procedure described above for the preparation of [4-^,4-diddorophenyl>5-imidazol-2- 
ylpyrimidin-2-yi] {2-[(6<nethoxy-5^tro(2ijyridyl))an^ 
10 HPLC [Method AZ-S], 6.00 min (70%) ; 
MS (nrf H/zX 467. 

Example 135 

Preparation of jgJ[6jmrao^S^^ 

nitro(2-pyridvl)1amine 

o 

.15 o 
1. Preparation of 2^2»4-didrioroph^ 

1 rmnol 2 ) 6-£chIoro-3-mtropyridine > 1.05 mmol of 2,4-dichlorobenzeneboronic 
acid, and 3 mmol ofN^CQj, were dissolved in 1.5 ml THF and 0.5 ml water and purged 
with nitrogen. 0.05 mmol of [M*-Bis(dipheDyiphospiriM^ 
20 palladhim(n) was added to reaction and stirred at room temperature under nitrogen for 
fourteen hours. The reaction mixture was concentrated in Vacuo and diluted with water 
and ethyl acetate. The solution was extracted three times with ethyl acetate, dried over 
sodium sulfate, and purified by column chromatography eluting with 10% ethylacetate 
90% hexanes to obtain 2<2,4^chlorop^>4)-6^oro-3-nitnq»yridine. 

25 2. jfrggratio^ 

1 mmol of 2-ainino^chloro-3-nitropyridme and 15 mmol of 1,2-diaminoethane 
woe stirred at reflux for fourteen hours. The reaction mixture was concentrated in vacuo 
and solution of IS mmol of NaOH in water was added. This solution was extracted twice 
with 95%/ 5% methylene chloride/ methanol. The aqueous was then saturated with salt and 

30 extracted twice with 95%/ 5% acetonitrile/ methanol and then finally extrated twice with 
95%/ 5% ethylacetate/ methanol. All organic fractions were combined and dried over 
sodium sulfate to obtain (2-aminoethyl)(6-arnino-5-ni^^ 
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3. Preparation of (2-T(6-ammo-5-mtro^^ 
tritro(2^vridyl)lamine 

1 mmol of 2^2,4^ c^oropheoyl)-6-<^oix>-3-nitropyri^ was taken with 2 mmol 
of (2-aminoethyi)(6«amin(>-5-n^ and 3 mmol of N,N- 

5 diisopropyletfaylamine in 2 ml of DMF at 80°C for two hours. The reaction mixture was 
concentrated in vacuo and diluted with water and ethyl acetate. The solution was extracted 
three times with ethyl acetate, dried over sodium sulfate, and purified by column 
chromatography eluting with 5-10% methanol/methylene chloride to obtain {2-[(6-amino- 
5-ritro(2-pyridyl))amino]e%^ 
10 HPLC: 8.698min. (100% purity) 
MS: MH*= 464.1 

Example 136 

Preparation of 642^1 24(6-amino-5-mtro^ . 
dic^ortmhenyflpyrimidii^^ 




1. Pggggrajignc^ 

1 mmol of 2,4-dichlorophenacyl chloride in DMF was added drop wise to 2 mmol 
of piithalimide and 2 mmol of CS2CO5 in DMF at room temperature for fourteen hours and 
then purified by trituration with diethyl ether to obtain 2-[2-<2 > 4-dichloropheayl)-2- 
20 oxoethyl]isoindoline4,3-dione. 

2. Preparation of 2-{2^2,4^cMorrohenyiyH(dim 
oxoethyllisoindoline-l 3-dione 

1 mmol of 2^2^2,4Kli<^orophenyl)-2-oxo^hyl Jisoindoline- 1 ,3-dion was heated to 
80°C in neat N^-dimelhylformamidediinethyl acetal for six hours. The reaction mixture 
25 was concentrated in vacuo and purified by trituration with diethyl ether to obtain 2-{2^^ 
dicMorophenyl)-l-[(dimeftylam^ 

3. Preparation of 2-ffl-r2^(2-r(6-ai^^ 
^^bro^m^)pgjurito^^l^^m^^}b^^ acid 

1 mmol of 2- {2-(2,4-dicfalarophen)d)-l 4(dimeth>damino)methylene]-2-<>xoethyl} - 
. 30 isoindoline-I^-dione, 1 mmol of anmio{2^(6-ammo-5^tro(2-pyridyi))amm 

caiboxamidine, and 3 mmol of CS2CO3 were dissolved in DMF and heated to 90°C for 
fourteen hours. The reaction mixture was concentrated in vacuo and diluted with water and 
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ethyl acetate. The solution was extracted three times with ethyl acetate and dried over 
sodium sulfate to obtain of 2-{N-[2^{2-[(6-ammo-5-mto^ amino)- 
4^2/MicMoiophe&yl)pyriri acid. 

. 4. Preparation of 242^|24(6-ammo-5-mtro( 
5 djdJoropheayl)pvriinidixi>S-Yl1isoindoline>13"dione 
1 mmol of 2-{N-[2<{2-[(6-amino-5-nit^ 
. dichlorophenyl)pyrmri acid was heated to 120°C in acetic add 

for four hoursand then concentrated in vacuo to obtain 2-[2-{ {2-[(6-amino-5-nitro(2- 
pyridyl))amiiK>]eihyl}am 

10 5. Preparation of f 5-amino-4^4^cMorophen^ (2-f(6-amino-S-nitro(2- 

pyridyl))amino1etfa^)amine 

1 mmol of 2^2^{2^(6-amino-5Hoo^ 

dicMorophenyl)pyriHridi^ and 20 mmol of hydrazine were 

stirred in ethanol at 75°C for two hours and then purified by column, chromatography 
15 ehitimg with 5-10% methanol/methylene chloride to obtain [5-amino-4-{2,4- 

dichlorophenyl)pyrimidin-2-yl] {2-[(6-anHno-5Hritro(2-p^ 

6. Preparation of 642^l24f6-amino-S-mtro^ 

djcMorophenyl)pyrimidin-^ 

1 mmol of [5-amino^2 > 4^cWorophenyl)pyrimidin-2-yl] {2-[(6-amino-5-nitro(2- 
20 pyrid^))amino]ediyl}amine > and 2 mmol of furano[3,4-b]pyridine-5,7-dione were stirred 

at room temperature for four hours. 2 mmol of HBTU, and 3 mmol of N,N- 

diisopropylethylamine woe added to solution and left for six hours at room temperature. 

The reaction mixture was concentrated in vacuo and diluted with water and ethyl acetate. 

The solution was extracted three times with ethyl acetate, dried over sodium sulfate, and 
25 purified by column chromatography ehoting with 5-10% methanol/methylene chloride to 

obtain 6-[2^{2-[(6-ammo-5-mtr^ 

pyrnmdm-5-yl]-3-pynolmo(3^ 

HPLC: 7.829min. (9732% purity) 

MS: MH*= 566.0 
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Example 137 

Preparation of f6-(2.4-dicMon)phenviy5-imi {2-ftS-nitn)(2- 

pyridyl))amino]ethyn amine 
f=\ 

II 




H 

5 1. Preparation of H2»4-dicfalorophenylV2-imida^ 

The preparation of the material 1 -(2,4^chloiDphenyl)-2-^ 1 -one 

can be found in the procedures for die preparation of [4^,4^<idoiophea^)-5-iniidazol-2- 
ylpyrimidin-2-yi] {2-{(5-nitio(2-pyridyl))amino]dhyl}amin^ 

2, Preparation of 2-(2-^gnino^YlaminoVS-nitropvridine, 
10 . The preparation of die material 6-[(2-aminoethyl)amino]pyridine with various 

substitutents on the pyridine can be found in the precedures for the preparation of [4-(2,4- 
didhJoroph^yl>5-iniidazol-2-ylp)Timidin-2-yl] {2-[(5-nitro(2-pyridyl))amino]efliyl} amine, 
Example 74, and its analogues. 

3. Preparation of methyl 2-phenylthiopropanoate. 

15 A solution of methyl-2-bromopr op ionate (6.13 M) in abs. ethanol (25 ml) was 

added slowly (-1 h) to a stirred solution of thiophenol (107 M), KOH (107 M) in abs, 
ethanol (90 ml) at room temperature. After 12 h, the reaction was filtered and stripped of 
solvent under reduced pressure. The resulting shiny was partitioned with water (150 ml) 
and ether (100 ml). The aqueous layer was extracted with ether (3 x 100 ml). The 

20 combined organic layers were washed with 1 M NaOH (2 x 50 ml), water (2 x 50 ml), 
brine (100 ml), dried with MgjJJO^ filtered, and concentrated under reduced pressure. 
Drying in vacuo for 2-3 hours results in methyl 2-phenyltinopropanoate as a clear oil in 
90% yield and >99% purity* (see analogous procedure in Warren, S.; et aL J. Chenu Soa 
PeHcm Ihm*. / 1986, 1939-1945.) 

25 4. Preparation of methyl 2-(phenylsulfinyi)propanoate, 

A solution of mCPBA (57-86% active) in dry ether (200 ml, -0.25 g per ml) was 
added dropwise to a stirred solution of methyl 2-pbenyltfaiopropanoate (034 M) in dry 
ether (400 ml) at 0 °C. The reaction was followed by TLC etuting with 10% ethyl acetate 
in hexane. After all of die starting material had been consumed, die reaction was 

30 concentrated under reduced pressure. The residue was dissolved in ether (150 ml) and 
dichloromethane (400 ml). The organics were washed with 1 M NfeSaQj (2 x 80 ml), sat 
aq. NaaC03 (4 x 100 ml), brine (100 ml), and dried with N^SO^ After removing die 
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volatile organics, of methyl 2-(pheaiyl5ulfinyl)propanoate was obtained in 99% yield and 
99% purity* 

5, Preparation of methyl 2H?henyltlnoprop-2-enoate. 

A mixture of methyl 2-(phenyisulfinyl)propanoate (0.17 M) in dichloromethane 
5 (800 ml), acetic anhydride (20 ml), and methanesulfonic acid (1.5 ml) were heated at 40 °C 
for 18 h. The reaction was concentrated under reduced pressure in a water bath that was 
held at a constant 35 °C. The residue was partitioned with water (200 ml) and ether (100 
ml). The aqueous layer was extracted with ether (3 x 50 ml). The combined organic layers 
were washed with water (50 ml), sat aq. Na^CQj (3x30 ml), brine (30 ml), and dried with 
10 MgSO* After filtration, the product was stripped of solvent under reduced pressure at <35 
°C The product was purified by duting through a short column of silica gel using a 10% 
ethyl acetate in hexane mixture as ehient Upon concentration, methyl 2-phenylthioprop-2- 
enoate was isolated in 50% yield. 

6. Preparation of methyl 5^2,4^ddoiophenvl)^imidazol-2^-S-oxo-2- 
15 phenylthiopentanoate. 

A solution (1 M) of (ert-butoxide in ferf-butanol (54.9 ml) was added to a stirred 
solution of 1 ^2,4^chlorophenyl)-2-imidazol-2-ylethan-l -one (0.11 M) and methyl 2- 
phenylthioprop-2-enoate (0.14 M) dissolved in dichloromethane (300 ml) and methanol 
(200 ml) at room temperature. The reaction, winch developed a dark color, was typically 

20 stirred overnight (ca. 16 h) under argon.. The reaction was monitored by TLC using 5% 
methanol in dichloromethane as the solvent system. Additional methyl 2-phenylthioprop- 
2-enoate was added as needed to consume all of the starting l-^2,4~dicMoropheoyl)-2- 
imidazol-2-ylethan- 1 -one. The reaction was quenched by the addition of sat aq. NH4CI 
(-100 ml). The mixture was transferred to a separatory funnel and diluted with ethyl 

25 acetate (300 ml). The aqueous layer was removed and the organic layer was washed with 
saL aq. NH4CI (3 x 100 ml), brine (100 ml), and dried with NasSO* After filtration and 
evaporation, the residue was purified by flash chromatography over silica gel The column 
was duted starting with 100% dichloromethane to remove the non-polar methyl 2- 
phenylthioprop-2-enoate. The product was duted with 3% methanol in dichloromethane. 

30 After drying overnight in vacuo, methyl 5<2,4^ddorophenyl)-4-imidazol--2-yl--5-oxo-2- 
phenylthiopentanoate as a deep red glass was obtained in 71% yield. A further 10% yield 
of product could be obtained by resubmitting side product contaminated fractions to a 
second purification by flash chromatography. 
7. Preparation of 6&4HdfcM^ 

35 trihydropyridin-2-one. 

A solution was made of methyl 5^2,4nhcWoroph^yl>4-iinidazol-2-yi--5-oxo-2- 
phenylthiopentanoate (0.33 M), gla. acetic add (21 ml), abs. ethanol (63 ml), toluene (21 
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ml) by healing the mixture to 90 °C. To the stirred solution, NH4OAC (1.97 M) and 4A 
molecular sieves (IS g) were added After 24 b of healing, another portion of both 
NHUOAc (1.97 M) and 4A molecular sieves (15 g) woe added After 48 h, the reaction 
bad come to completion as determined by HPLC. The reaction is diluted with ethyl acetate 
S (500 ml), filtered, and washed with sat aq.NaHCOj (4x250 ml) and brine (200 ml). The 
organic layer was dried with Na^Q* and concentrated under reduced pressure. The 
residue was redissolved in EtOAc and concentrated under reduced pressure. He residue 
was taken up in a minimal amount of EtOAc to precipitate the product The remaining 
• product could be purified by flash chromatography over silica gel. The column was ehited 
10 using 100% qthyl acetate. After concentration, die product was dried in vacuo, The 
product 6^2,4^chlorophenyl)-5-inudazol-^ 

obtained from both precipitation and chromatography gave a tan solid in 89% yield 

8. Preparation of gjg^jfiddtoro^ 

Dichloromethane (-150 ml) was added carefully so as not to cause precipitation to 

15 a solution of 6^2 > 4^chloropbenyl)-5-inudazoK 

one (0.17 M) in THF (40 ml). A solution ofmCPBA (2.85 g, -16.5 mmol; 65-85% active) 
in dichloromethane (50 mg per 1 ml) is added dropwise to die stirred solution of 
phenylttnol above at -20° C After adding approximately 1 equivalent of oxidant, the 
reaction was allowed to warm to room temperature. Additional mCPBA is titrated into the 

20 reaction until all of the starting material is gone as judged by TLC ehiting in 5% MeOH in 
dichloromethane (fy of the product is -0.1). As the reaction nears completion, the 
elimination product starts to precipitate out of solution as a gum. Upon completion, the 
reaction is stirred for an additional 30 min. Triethyiamine (4 ml; 2 eq. based on mCPBA) 
is added to the reaction which causes the reaction to go completely dear for approximately 

25 1 min. Mowed by nearly complete precipitation of the product as an off-white solid. The 
solid is filtered and washed with dichloromethane (3 x 30 ml). The product was dried in 
vacuo resulting in of 6^2/*-dichloropheayl>5-imid^ in 93% 

yield. 

9. Preparation of 6-(2,4-dichlorophenyiy5- { 1 -r(trifhiorom^vl)sulfonvlTimida2x>l>2-vl) -2- 
30 pyridvl (trifluoromethvPsulibnate, 

Trifluoromethanesulfbnic anhydride (1.61 ml, 9.78 mmol) was added to a stirred 
suspension of 6^2,4^chlorophenyl>5-imidazol-2-y^^ (500 mg, 1.63 

mmol) in pyridine (10 ml) at -10° C. After 30 min., the reaction was allowed to warm to 
room temperature. Stirring continued until all of die solid starting material had been 
35 dissolved and reacted as determined by HPLC The reaction was diluted with 
dichloromethane (500 ml) and washed sequentially with sat aq. NaHCOj (3 x 100 ml), 
water (2 x 100 ml), sat aq. NaHCCb (100 ml), brine, dried with NaiSO* filtered and 
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concentrated under reduced pressure; The residue was purified ova; a short column of 
silica gel ehiting with 25% ethyl acetate in hexanes to remove die non-polar product from 
baseline material. After removing the solvents and drying in vacuo, the product 6-(2,4- 
dicMorophenyl)-5-{H(trifluoi^ (trifluoro- 
5 methyl)sulfbnate was obtained as a slightly yellow clear glass weighting 874 mg in 95% 
yield. . 

10. Preparation of f6^4-dj<M>rophenyl^^^ 
pyridyl))amino1ethyUamine. 

A suspension of (2-amino^ylX5niitn)(2-pyrid>i))am5ne (255 mg, 1.40 mmol) in 

10 A^-dimethylacetamide (3 ml) containing dry powdered 4A molecular sieves (SO mg) was 
added to a suspension of 6-{2,4-dichlorophenyl)-5- { 1 4(trifluon)methyl)sulfonyl]imida2»l- 
2-yl}-2-pyridyl (trifluoromethyl)sulfonate (200 mg, 0J5 mmol) in i^-dimethylacetamide 
(3 ml) containing dry powdered 4A molecular sieves (50 mg). After stirring at 40° C for 
24 h, ethylenediamine (0.5 ml) and water (0.5 ml) were added to die reaction to hydxolyze 

15 the one remaining triflate from the product The reaction was stirred at 85 °C for 2 h and 
left at room temperature for 12 h. The reaction was then diluted with ethyl acetate (100 
ml), filtered, extracted with sat aq. NaHCCfe (6 x 30 ml), brine (30 ml), dried with Na 2 S(>4, 
filtered, and concentrated undo- reduced pressure. The product [6-(2,4-dichloTophenyi)-5- 
iimdazol-2-yl(2^yridyI)]{2-K^ (79859) was obtained 

20 as a ydlow glass weighing 143 mg in 85% yield. 
HPLC: 22.1 min (>95% purity) 
MS: M+H = 470.2 (C21H17Q2N7Q1+H = 470) 

Example 138 

Preparation of give [4-(2Adichlorophenyiy2-( (2-r(S-nitro(2- 
25 . pyridyl))amfao1ethyl}ammo)im^ -ol 

To a stirred solution of a suspension of 2.13 g (4.68 mmol) ethyl 4-(2,4-dichloro- 
pheayl>2<{2-[(tert^utoxy)carbon^ in 10 

mL THF at room temperature under nitrogen was added 25 mL of MBAL-H (1 MinTHF, 

30 25.0 mmol) dropwise. During this addition the suspension gradually turned into a 
homogenous yellow solution. After 1 h the resulting solution was heated to 70°C for an 
additional 7 h. The reaction was then cooled and the reaction was quenched by the 
addition of Rochelle's salt The resulting suspension was partitioned between methylene 
chloride and water. The aqueous layer was extracted twice with methylene chloride and 

35 die combined organic layers washed with brine and dried with sodium sulfite. 
Concentration gave 2.05 g of a ydlow foam. Chromatography on silica gel (110 g) using 
5% methanol/ether as ehient gave 430 mg (22%) of N^2-{[4^2,4-dichlorophen)d)-5- 
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(hydn>xymethyl)pyrimidin-2^ - as a colorless 

foam. 

HPLC [Method AZ-S], 9.42 min (100%); MS (m+H/z), 413. 
N-(2-{[4^2,4^chlorophenyl>^ 
5 butoxy)caiboxamide (372 mg, 0.90 mmol) was dissolved in 2 mL of anhdyrous 
. trifhioroacetic acid and stirred at room temperature for 2 h. Evaporation of the solvent 
afforded {2-[(2-ammoethyl)ainino]^ as 
its trifluoracetate salt, in quantitative yield. 

{2-((2-ainmoethyl)amko^ was 
10 dissolved in 3 mL of anhydrous THF and 1.47 g (4.50 mmol) of anhydrous cesium 
carbonate was added. 2-chloro»5-nitro^aminopyridira (143 mg, 0.9 mmol) was added in 
one portion and the yellow suspension heated at 70°C for 18 k The reaction mixture was 
filtered, concentrated and die residue chiomatographed (silica gel, 5% methanol/methylene 
chloride) to give [4<2,4^(Worophenyl)-2-({2-[(5-nitn)(2- 

1 5 pyndyl))aimno]ethyl}amm 216 mg (53%), as a yellow solid. 

HPLC [Method AZ-S], 6.92 min (100%); MS (m+H/z), 450. 

Example 139 

Preparation of f4-(2,4^dilon>phqivlV2-({2-f(5-nitro(2- 
PYridyn)amiiK)lethYllainmo)py^ 

20 

The process of Example 140 is repeated using 2-chloro-5-nitro-pyridine and {2-[(2- 
aminoelhyl)amiiu)}^2,4^^ Chromatography 
of the residue (silica gel, 5% methanol/methylene chloride) afforded 200 mg (51%) of [4- 
(2,4^clilorophenyi)-2^{^^ . 
25 yl}methan-l-ol as a yellow solid 

HPLC [Method AZ^S], 7.85 min (100%); MS (m+H/z), 435. 

. Example 140 

Preparation o04^4h(&^ 

nitro(2-pvridyl))amino1edtyl}amine 

30 

Using the method of Swem, et aL, 100 mg of N-(2-{[4-(2 > 4-dichlorophaiyl>5- 
(hydroxymethyl)pyrimidin^ was dissolved in 1 

mL of anhydrous methylene chloride and added to a solution of oxalyl chloride (30.7 )iL> 
0.363 mmol) and DMSO (51.6 jiL, 0.726 mmol) winch had been stirring at -78°C for 15 
35 min. The resulting solution was stirred for an additional 30 min, at which time 202 nL 
(1.45 mmol) of triethyl amine was added. The resulting suspension was allowed to warm 
to room temperature after 15 min and 1 mL of water was added and the layers separated. 
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The aqueous layer was extracted with methylene chloride and die combined organic layers 
dried (sodium sulfate) and concentrated to afford N-(2-{[4-(2,4-dichloropheaiyl)-5- 
. formylpyriirridin~2-yl]a^ This 
product proved to be air sensitive and was used without further mampulatioa 
5 HPLC [Method AZ-S], 11.41 mia(95%);MS (nHH&),41I. 
N^2-{[4^2,4HiiddoiophmyI>5-fonnylpyrmu 
caiboxamide (50 mg, Q.121 mmol) was dissolved in 5 mL of THF, 242 jiL of sodium 
cyanoborohydride (1M in THF) and 5 jiL of glacial acetic add added and the mixture was 
heated to 70°C for 18 h. Following slow addition of 1 mL of water to decompose excess 

10 reagent, the mixture was partitioned between ethyl acetate and saturated citric acid 
solution. The organic layer was discarded, and aqueous layer was carefully basified with 
sodium hydoxide to PH 9, then extracted with ethyl acetate twice. Tfce combined organic 
layers was dried (sodium sulfate), concentrated, and purified by chromatography (selica 
gel, 10% methanol/methylene chloride) to afford N-(2-{[4-C2,4-dichlorophenyl>5- 

15 (iraipholin-4-ylmethyl^ . 30 mg 

(52%). 

HPLC [Method AZ-S], 8.28 min (95%); MS (m+H/z), 482. 

Using the conditions described in Step 12 above, N-{2-{[4-(2 > 4-dichlorophenyl) 5- 

(nK)jpholiih4-yimethyl)pyTinudin-2-^ was treated 

20 with anhydrous trifluouroacetic add to afford (2-aminoed^l)[4-(2,4-dichlorophexiyl)-5- 

(moiphoUn^^methyl)pyrhnidin-2-)d]amine in near quantitative yield. 

HPLC [Method AZ-S], 3.97 min (95%); MS (m+H/z), 382. 

Using the conditions described in die previous example, (2-aminoethyl)[4-<2,4- 

dicUorophenyl)-5-(iitt^ and 9 J mg (0.061 mmol) 

25 of 2-ddoro-5-mtropyridine gave [4-(2,4-dichlorophen^5-(moipholin^ylmethyl^ 

pyrimidin-2-yl]{2-[(5-ri^ in 60% yidd following 

chromatography (silica gel, 5% methanol/methylene chloride). 

HPLC [Method AZ-S], 7.43 min (100%); MS (nHfl/z), 504. 

Example 141 

30 Preparation of f4^2>niicidorophe^y5^mcm^ (2-f(5- 

nitn>^aniino(2-pvricM))amino1eth 

Using the conditions described in Example 139, (2-aminodhyl)[4-(2,4- 
ctichlorophenyl)-5-(:nK^ and 10.6 mg (0.061 

35 mmol) of 2^cro-5^tro-6-aminopyridine afforded 191 mg (60%) of [4-(2,4- 
chcMorophenyl)-5-(morpholin^ {2-[(5-mtro-6ramino(2- 
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pyridyl))amino]eihyl } amine as a yellow solid following chromatography (silica gel, 5% 
methanol/methylene chloride). 

HPLC [Method AZ-S], 6.49 min (100%); MS (m+H/z), 519. 

Example 142 

5 . Preparation of f4^2,4^cMoropheayl>5^morpholi^^ |2-F(5- 
gjtaHSjtm^^ and related compounds 

A suspension of 0.44 g (2.59 mmol) of 2^-tri£hioro-N-[2<me&ylamino)- 
ethyi]acetamide (prepared according to Syn. Comm., 26:3633-3636 (1996)) and 038 g 

10 (239 mmol) of 1-pyrazolocarboxamidine hydrochloride in 5 mL anhydrous THF was 
stirred at room temperature for 3 h. Concentration of this suspension afforded a white solid 
which was found by 1H NMR analysis to consist of the desired guanidine, N-[2- 
(amidinoineihylamino)ethyl]-2;^^ hydrochloride, and pyrazole. This 

was used without further purification in the next step. 

15 A solution of 0.60 g (23 mmol) 2,4^<±Joro-2^1-imidazoyl)-^han-l-one, 038 mL 

(2.82 mmol) dimethyfbrmamide dimethylacetal and 5 mL THF was refluxed for 2 L 
Concentration afforded 1 ^2,4HKddorophenyl>2^1 -imida^ 

en-l~one as a light red solid in quantitative yield. Uris solid was redissolved in 5 mL THF, 
1.0 g (3.06 mmol) of anhydrous cesium carbonate and the residue containing N-[2- 

20 (anridinome&ylammo)ethyl]-2^ hydrochloride described above were 

added tod the resulting mixture heated to 70°C for 18 h. After cooling, water was added 
and the resulting mixture extracted with methylene chloride. The aqueous layer was 
extracted with methylene chloride and the combined organics washed with brine, dried and 
concentrated to afford 1.56 g of a brown oiL Chromatography (silica gel, 5% 

25 methanol/methylene chloride) afforded 035g of the desired pyrimidine, N-(2~{[4-(2,4- 
dicUorophenyl)-5-nnidazofylpyri^ 
as a brown solid. 

HPLC {Method AZ-SJ, 7.68 min (85%); MS (m-HH/z), 459. 

The aforementioned pyrimidine, N^2-{[4<2,4^chIorophe^>5-imidazolyl- 

30 p>riirudiiH2-yl]mediyla3nino} ethyl>2 > 2 > 2'trifluoroacetamide (114 mg, 0.25 mmol) was 
dissolved in 2 mL methanol and potassium hydroxide (40 mg, 1 mmol) added. This 
suspension was stirred at room temperature for 1 hour. Water was added, and the solution 
extracted with methylene chloride. The aqueous layer was thoroughly extracted with 
methylene chloride and the organic layers washed with brine, dried and concentrated to 

35 give the deprotected primary amine, (2-^mino^yi)[4^4^chloropheaiyl>-5- 
imidazdylpyriimdin-2-ylJmethyl amine, in quantitative yield. 
HPLC [Method AZ^S], 4.43 min (90%); MS (m+Hfe), 363. 
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Using the procedure described above in Example 139, reaction of (2-aminoediyl)[4* 
(2,4^ic^oropbenyl)-5-inu and 2-chlon>-5- 

nitropyridine were reacted to afford [4^2,4^chlorophenyl)-5-inxida^ 
ylfrethyl{2-[(5-nitro(2^^ 
5 HPLC [Method AZ-S], 7.82 min (100%); MS (m+H/z), 48^ 

Using the procedure described above, reaction of (2-aminoethyl)[4-(2,4- 
dichlorophenyi}-5-imidazoly^^ and 2-chloro-5-nitro^amino- 

pyridine were reacted to afford [4^2,4^chlorophenyl)-5-iim 
yljmethyl {2-[(5-mtro-6^mino(2-pyridyl))amino]etiiyl} amine. 
10 HPLC [Method AZ-S], 6.73 min (100%); MS (m+H/z), 500. 

Using tibe procedure described above in Example 139, reaction of (2-aminodh34)[4* 
(2,4^chlorophmyl)-5-imidaro and 2-chlon>-5- 

cyanopyridine were reacted to afford [4^2,4^chloiophenyi)-5-iim 
yljmethyl {2-[(5n^yano(2-pyridyl))ammo]dhyl} amine. 
15 HPLC [Method AZrS], 6.49 min (100%); MS (mfH/z), 465. 

A solution of 0.60 g (23 mmol) 2,4Hfcchloro-2^24midazoyl>eihan-lK>ne> 038 mL 
(2.82 mmol) dimethyfbnnamide dimethyl acetal and 5 mL THF was refluxed for 2 h. 
Concentration afforded H2,4-dicMoiophenyI)-2^-iimda 

en-l-one as a light red solid in quantitative yield. This solid was redissolved in 5 mL THF, 

20 1 .0 g (3.06 mmol) of anhydrous cesium carbonate and N-[2-(amidinomethylamino)ethyl]- 
2^2-trifluoroacetamide hydrochloride (vide supra) were added and the resulting mixture 
heated to 70°C for 18 h. After cooling, water was added and the resulting mixture 
extracted with methylene chloride. The aqueous layer was extracted with methylene 
chloride and the combined orgamcs washed with brine, dried and concentrated to afford a 

25 brown oil. Chromatography (silica gel, 5% methanol/methylene chloride) afforded 0.30 g 
of the desired pyrimidme, N^2-{[4-(2,4-dichlorophei^ 
yljmethylamino} ethyl)-2 > 2^-trifluoroacetamide > as a brown solid. 
HPLC [Method AZ-S], 7.25 min (100%); MS (m+H/z), 459. 

The aforementioned pyrrolidine, N-(2-{[4^2,4-diddorophfiiiyI)-5-imidazol-2- 

30 ylpyrimidin-2-yl]mefoylami^ (114 mg, 0JZ5 mmol) was 

dissolved in 2 mL methanol and potassium hydroxide (40 mg, 1 mmol) added. This 
suspension was stirred at room temperature for 1 hour. Water was added, and die solution 
extracted with methylene chloride. The aqueous layer was thoroughly extracted with 
methylene chloride and the organic layers washed with brine, dried and concentrated to 

35 give die deprotected primary amine, (2-aminoeihyl)[4-(2,4^cMon>phen^ 
ylpyrimidin-2-yl]methylamine in quantitative yield. 
HPLC [Method AZrS], 3.92 min (100%); MS (m+H/z), 363. 
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Using the procedure described above in Example 139, reaction of (2-aminoethyl)[4- 
(2,4^ehlorophenyl)»5-ijm and 2-chlon>-5-cyano- 

pyridine were reacted to afford [4-(2,4^chlorophenyl)-5-imidazol-2-^^ 
methyl {2-[(5-cyano(2-pyridyl))aimno]^yl} amine. 
5 HPLCfMethod AZ^S], 5.98 min (100%); MS (m+H/z), 465. 

Using the procedure described above in Example 139, reaction of (2-aminoethyl)[4~ 
(2 > 4^chlorophmyl)-5-imidazol-2-ylpyriim and 2-chloro-5-nitro- 

pyridine were reacted to afford [4^2,4-dichlorophenyl)-5-imida^ 
methyl {2-[(5-nitro(2-pyridyl))amino]ethyl}amiiie. 
10 HPLC [Method AZrS], 731 min (100%); MS (m+H/z), 485. 

Using the procedure described above in Example 139, reaction of (2-aminoethyl)[4- 
(2,4-cKcfalorophenyl)-5-tmiria7D^^ and 2-chlon>-5-nitro-6- 

aminopyridine were reacted to afford [4-(2,4-didilorophejiyi>5-imid^ 
yl]methyl {2-[(5-nitro^amino(2-pyrid^))amiiK)]ed\yl} amine. 
15 HPLC [Method AZ-S], 5.85 min (100%); MS (m+H/z), 500. 

Example 143 

Preparation of {2-[4^2,4HticMorophenylVS-imidazoW^^ 

pyridyl))amine (76062) and related compounds 

20 A suspension of 1.50 g (4.84 mmol) H2,4^chlorephenyl)-2-{l-imidazoyl)-3- 

dimethylaminopiop-2-en*l-one (prepared as described in Step 3.1 above), 0.673 g (2.42 
mmol) of S-methyHsothiourea nitrate and 2.05 g (6.29 mmol) in 30 mL of N- 
methylpyrroHdinone (NMP) was heated to 80°C for 2 h. Winter was added and the mixture 
extracted with ethyl acetate. The aqueous layer was further extracted with additional ethyl 

25 acetate. The combined organic layers were thoroughly washed with water, brine and dried 
with sodium sulfate. Concentration and chromatography of the residue (silica gel, 2% 
methanol/methylene chloride) afforded 800 mg (50%) of the desired pyrimidine, 4-(2,4- 
di(^orophmyl)-5-imidazolyl-2^eftyl^opyrimidine. 
HPLC [Method AZ-S], 7.40 min (100%); MS (m+H/z), 337. 

30 4-(2,4^chlorophenyl)-5-imida^ (219 mg, 0.65 mmol) 

was dissolved in 2 mL anhydrous methylene chloride and 590 mg (57-86%, 1.95 mmol) of 
m-chloroperoxybenzoic acid added at room temperature and stirred for 2 h. Saturated 
sodium carbonate was added and the organic layer separated and washed with 10% 
aqueous sodium sulfite. Drying (sodium sulfite) and concentration afforded 240 mg 

35 (100%) of 4^2,4^chlorophenyl)-5-imidaz^^ as a yellow 

solid which was used without farther purification. 
HPLC [Method AZ~S], 5.47 min (100%); MS (m+H/z), 369. 
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To a stirred suspension of 1.58 g 2-dJoro-5-:nitropyridine (10.0 mmol) in 10 mL 
acetonitrile was added 1.81 mL (30 mmol) of ethanolamine drop wise at room temperature. 
After heating at 80°C for 0.5 h, the reaction was cooled, water was added, followed by the 
addition of ether. Cooling this triphasic mixture at 5°C led to the formation of a yellow 
5 solid, which was collected and identified as 2^(5-mtro-2-pyridyl)amino]ethan-l -oL 
HPLC [Method AZ^S], 1 .74 min (100%); MS (m+H/zX i84. 

1.74 g 2n^on>-S-mtio-6-aminopyridine (10.0 mmol) was reacted at 80°C with 
1.81 mL (30 mmol) of ethanolamine. Cooling die reaction mixture led to the formation of 
a yellow solid, which was collected and identified as 2-[(6-amino-5-nitro-2- 
10 pyridyl)amino]ethan-l -ol. 

HPLC [Method AZ-S], 132 min (100%); MS (mfH/z), 199. 

1 .38 g 2K±Jon>5-cyanopyridine (10.0 mmol) was reacted with 1 .81 mL (30 mmol) 
V of ethanolamine at 80°C for 0.5 h. The reaction was cooled, water was added, followed by 
the addition of ether. Cooling this triphasic mixture at 5°Cled to the formation of a yellow 
15 solid, which was collected and identified as 6^(24ydroxyediyl)amino]pyridine-3- 
carbonitrile. 

HPLC [Method AZ-S], 1.13 min (100%); MS (m+H/zX 164. 

To a stirred solution of 37.2 mg (0.203 mmol) of 2-(5-nitro-2- 

ammopyridyl)ethanolamine in 1 mL anydrous THF at room temperature was added 244 
20 of a 1M solution of sodium hexamemyidisilazide (1M in toluene, 0.244 mmol). This 

solution was stirred for lh, and a solution of 4^2,4^ichlon>pheny]>5-iinidazo!yl-2- 

(methylsulfonyl)pyrimidine in 1 mL anhydrous THF was added dropwise. After stirring 

for 4 h, water was added and the reaction mixture thoroughly extracted with ethyl acetate. 

The combined oiganics were washed with brine, dried (sodium sulfite), concentrated and 
25 chromatographed (silica gel, 5% methanol/methylene chloride) to give 15.7 mg of {2-[4~ 

(2/Michlorophenyl>5-iimd^ 

(76062) as a yellow solid. 

HPLC [Method AZ-S], 7.44 min (85%); MS (m+Hfr), 472. 

As described above, {2-[4<2,4^cMorophenyl)^^^ 
30 e%l}(5^tn>-6~a^ (76063) was synthesized using 4-<2,4- 

<KcMorophenyl)-5-iiiuda2x>lyW and 2^5-mtto-6-amino-2- 

pyridyi)ethanolamine to afford 243 mg of {2-[4-(2 > 4-dichlorophen)1)-5- 
inridazolylpyrimidin--2-yloxy]ethyi } (5-mtro^ammo(2-^)yridyl))amine as a light yellow 
solid. 

35 HPLC [Method AZrS], 6.47 min (90%); MS (mfH/z), 487. 

As described in above, {2-[4^2,4^chloroph^ 
yioxy]ediyl}(5-cyano(2-pyridyl))amine (76064) was synthesized using 4-(2,4-dicblon>~ 
phenyl)-5-iimdaz»lyl-2^methylsulfonyi and 6^(2-hydroxyemyl)amino]- 
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pyridine~3-caibonitrile to afford 27.6 mg of {2-[4^2,4Khchlorophenyl)-5- 
imidazolyIpyrimidiB-2-yloxy]eth>d} (5-cyano(2-pyridyl))ainiDe as a light yellow solid. 
HPLC [Method AZ-S], 6.37 min (95%); MS (m+H/z), 452. 

Example 144 

5 Preparation of f2-(dimethvlammote^ {2-f (5rnitro(2- 

pyridvn)amino1ethyl}amino)pyrimid^ 

A solution of 50 mg (0.12 mmol) of 4<4-cyanophenyl>-2^{2-[(5-m^ 
pyridyl))amino]ethyl} amino)pyrimidine-5-carboxylic add, 26.2 ide (0.12 mmol, DPPA), 
10 17.2 fit, of triethylamine (0.12 mmol) in 2 mL of THF was heated to 75 oC for 24 hours. 
After cooling, the solution was concentrated and the residue duomato graphed (silica, 5% 
methanol/methylene chloride) to give 40.2 mg (68%) of the desired carbamate, [2- 
(dimethylamino)edioxy]-N-[4^ 

amino] eAyl } amino)pyriniidirh-5-yi] as a colorless solid. 

15 HPLC [Method AZ-S], 623 min (100%) ; MS (m+H/z), 492. 

Example 145 
Preparation of Additional Compounds 
Hie compounds described in detail below woe synthesized using die following 
general procedures: 

20 Step A. Alleviation 

1 mmol of aryl substituted phenacyl chloride in DMF was added drop wise to 2 

mmol of amine and 2 mmol of C^CQ* in DMF at room temperature for fourteen hours. 

The reaction mixture was concentrated in vacuo and diluted with water and ethyl acetate. 

Hie solution was extracted three times with ethyl acetate, dried over sodium sulfate, and 
25 purified by column chromatography or trituration. 

Step B. Enaminone formation 

1 mmol of substrate was heated to 80°C in neat DMF-DMA for six hours. Product 
was concentrated in vacou and purified by trituration with diethyl ether. 

Step C. Pvrimidine formation 
30 Immol of substrate, lmmol of guanadine, and 3 mmol of CS2CO3 was dissolved in 

DMF and heated to 90°C for fourteen hours. The reaction mixture was concentrated in 
vacuo and diluted with water and ethyl acetate. The solution was extracted three times 
with ethyl acetate, dried over sodium sulfate* and purified by column chromatography with 
5-10% methanol in methylenechloride. 
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StepD. CvclizatioD to imide 

1 mmol of substrate was heated to 120°C in acetic acid for four hours and then 
concentrated in vacuo and purified by column chromatography with 5-10% methanol in 
methylenechloride, 

5 Step E. PhthaHmide cleavage 

1 mmol of substrate and 20 mmol of hydrazine were stirred in ethanol at 75°C. The 
Ethanol was removed from the reaction mixture in vacuo and thai methylene chloride was 
added the solution was filtered. The filtrate was collected and concentrated in vacuo. 

Step F. Acid coupling 

10 1 mmol of substrate, 2 mmol of carboxylic acid, 2 mmol of HBTU, and 3mmol of 

Diisopiopy 1 ethyl annne were stirred in THF. The reaction mixture was concentrated in 
vacuo and diluted with water and ethyl acetate; The solution was extracted three times 
with ethyl acetate, dried over sodium sulfate, and purified by column chromatography with 
5-10% methanol in methylenechloride. 

15 Step G. Boc Deprotection 

1 mmol of substrate was stir in a mixture of 1 ml methyleaechloride and 1 ml 
trifloroacetic add at 40 °C for 30 min. and concentrated in vacuo. 

Step H. SnAr Tail Piece 

1 mmol of substrate, 1.5 mmol of a substituted 2-chloropyridine, and 4 mmol of 
20 Diisopropylethyl amine were stirred in 2 ml of DMF at 80° C for fourteen hours. The 
reaction mixture was concentrated in vacuo and diluted with water and ethyl acetate. The 
solution was extracted three times with ethyl acetate, dried over sodium sulfite, and 
purified by column chromatography with 5*10% methanol in methylenechloride. 

Step L Bronrination 

25 20 mmol of aryl substituted acetiphenone, 1 ml cone HC1 were mixed in 20 ml 

diethyl ether at 0°C under nitrogen. To this solution a solution of 20 mmol Br 2 in 20 ml 
chloroform was added drop wise and left for four hours and then concentrated in vacuo. 

Step J. SnAr on ketone 

1 mmol of 1 ^4-fluorophenyl)-2-imidazol>4ethan- 1 -one, 03 mmol of an amine, and 
30 1 mmol of K2CO3 were heated at 100°C for 14 hours. The reaction mixture was poured 
over ice, then filtered, and the solid was collected. 

StepK. Anhydride coupling 

1 mmol of substrate and 1 mmol of anhydride were stirred at room temperature for 
four hours in THF. The reaction mixture was concentrated in vacuo and diluted with water 
35 and ethyl acetate; The solution was extracted three times with ethyl acetate, dried over 
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sodium sulfate, and purified by column chromatography duting with 5-1 0% 
methanol/methylene chloride. 

StepL. Suzuki Reaction 

1 mmol of a 2,6-dichloro-pyridine, 1.05 mmol of boronic acid, and 3 rtrmol of 
5 Ne^CX>3 were dissolved in U ml THF and 0.5 ml water and purged with nitrogen. 0.05 
mmol of [l,r-Bis(diphenylphosphmo^ was added to 

reaction and stirred at room temperature under nitrogen for 14 hours. The reaction mixture 
was diluted with water and ethyl acetate. The solution was extracted three times with ethyl 
acetate, dried over sodium sulfate, and purified by column chromatography with 10% 
10 ethylacetate 90% hexanes. 

Step M. SnAr Reaction 

1 mmol of substrate is taken with 2 mmol of amine and 3mmol of Diisopropylethyl 
amine in 2 ml of DMF at 80 ° C for two hours. The reaction mixture was concentrated in 
vacuo and diluted with water and ethyl acetate. The solution was extracted three times 
1 5 with ethyl acetate, dried over sodium sulfate, and purified by column chromatography 3 0% 
ethylacetate 70% hexanes. 

StepN. Nitre Reduction 

1 mmol of substrate was taken with an equal weight of 5% Pd-C with 20 mmol 
N2H4 and dissolved in THF. The reaction was stirred at reflux for 24 hre and thai filtered 
20 through celite and purified by column chromatography. 

StepO. BthanolNitro Reduction 

1 mmol of substrate was taken with an equal weight of 5% Pd-C and dissolved in 
ethanoL The reaction was placed in a Pair shaker under 35 PSI of hydrogen for six hours, 
then filtered through celite, and purified by column chromatography. 

25 Example 145-1 

Preparation of r4-(2,4-Kiffluorophm>i>5-^ 

pyridylVteminolethvl) amine 

o 

[4^2,4-difluorophenyl>5-imid^ {2-[(5-nitro(2-pyridyl))amino]- 
30 ethyl} amine was made in accordance with die foregoing procedures using l-(2,4- 
diftuorophenyl)-2-diloroethan-l-one and imidazole in step A, step B and amino {2-[(5- 
rritro(2-pyridyl))amino]ethyl} carboxamidine in step C 
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HPLC:7.150min. 
MS: MH + =439.1 

Example 145-2 

Preparation of f5-imidazolyl^4-raethylpheay])pyri^ { 2-f ( 5-nitrof2- 

pyridyl))amiiK)1ethyl) amine 




[5-imidazolyi-4-(4-melhy^ 
ethyl} amine was made in accordance with the foregoing procedures using 2-bn>mo-l-{4- 
meihylphenyl)ethan-l -one and imidazole in step A, step B and amino {2-[(5-nitro(2- 
10 pyridyl))amino]ethyl} caiboxamidine in step C. 
HPLC: 7333miru 
MS: MH*= 417.2 

Example 145-3 

Preparation of r4^2^orophmylV5-imidazolylpyriiddiii-2>vl1 f 2-r(5-nitro(2- 
15 pyridyl))amino]ethyl)amine . 




[4-(2-chlorophenyl>5-iim^^ {2-[(5-nitro(2-pyridyl))am]no]- 
ethyl} amine was made in accordance with the foregoing procedures through step I* using 
1 ^2-chlorophenyl)elhan- 1 -one and imidazole in step A, step B and amino {2~[(5-nitro(2- 
20 pyridyl))amino]ethyl}carboxamidme in step C 
HPLC: 7.233min. 
MS: MH^ 437.1 
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Example 145-4 
Preparation oftert-butyl 4-{4-f5-imidaroly^ 
pyridyl))amiiK>1ethy^^ 

5 tert-butyl 4-{4-[5-imidazolyl^ 

pyrimidiih4-yi]ph^ was made in accordance with the foregoing 

procedures using 2-bromo-l ^4-fhiorophenyl)ethai>-l -one and imidazole in. step A» step J 
using tert-butyl piperranecaiboxylate, step B and amino {2-[(5-nitro(2-pyridyl))amino]- 
ethyl}caiboxamidine in step C 

10 HPLC:9.670miiL 
MS: MH*= 587.2 

Example 145-5 
Preparation of {5-imidazolyl^r4^trif^ 



pyridyfflaminol etfayl } amine 



15 




{5-imidazolyI-4^ {2-{(5-mtro(2- 
pyridyl))ainino]ethyl} amine was made in accordance with the foregoing procedures 
through step I using H4^triflnoromethyl)phenyl]ethan-l-ane > A using imidazole, B, and 
C using amino {2^(5-nitro(2-pyridy0^ 
20 HPLC: 8333min. 
MS:MH f =471^ 

Example 145-6 

Preparation of [4^4-^tehCTylV5-imidazoMimimidin-2-Yl1 (2-rfS-nitro(2- 
pyri<W))amino1ethyl}amme 
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20 



[4^4^yiphmyl)~5-iimda^ {2-[(5-nitip(2-pjiid)i))amino]- 
ethyl} amine was made in accordance with the foregoing procedures through steps I using 
1 -{4-ethylphenyl)eihan- 1 -one, A using imidazole, B, and C using amino {2-[(S-nitro(2- 
pyridyl))amino] ethyl } caiboxamidine. % 
HPLC:8267miiL 
MS: MH*= 431.2. 

Example 145-7 
Preparation of r4^3,5^cfalorog-tMepri^^ 

pyri<Mflaminolethyl)amine 




10 

[4^3^cMoro(2Mlrien^ 
amino] ethyl } amine was made in accordance with the foregoing procedures through steps I 
using 1 -{3 >5-dichloro-2-thienyl)ethan- 1 -one, A using imidazole, B, and C using amino {2- 
[(5-nitro(2~pyridyl))amiiM^ 
15 HPLC: 8.167miiL 
MS: MH*- 477.1 

Example 145-8 
Preparation of r5-imidazolyl^4-piperazm^ 

pyridyl))amino1e&vl)amme 



[5-imida^lyl^4-piperazto^^ 
amino] ethyl} amine was made in accordance with the foregoing procedures through steps A 
using 2-bromo- i -{4-fluorophenyl)ethan- 1 -one and imidazole, J using tert-butyl 
piperazinecarboxylate, B, C using anuno{2^(5^trc<2^yridyl))amino)- 
25 ethyl) carboxarnidine, and G. 
HPLC: 

MS: MH + = 4873 
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Example 145-9 
Preparation of 2- WW2><Kchloroph^ 
pyridvl))amiDo1ethvl)amino)pvrimidii^ acid 




5 2-{N-[4-(£4^chloio^^ 

pyrimidin-5-yl] carbamoyl }boozoic acid was made in accordance with die foregoing 
procedures through steps A using H2,4^chlorophmjd)-2-chloroethar>l-one and 
phthalimide, B, and C using amino {2-[(5^tro(2-pyridyl))amiiK)]ethyi} carboxamidine. 
HPLC: lL433mitL 

10 MS: MH*= 568.1 

Example 145-10 
. Preparation of 545-irnidazplyl-2-((24(5H^ 

y!1thioTihene-2Hcarfaopitrile 



u N 




o 

15 5-[5-imidazoiyi-2-({2-[(5-rii^^ 

thiophene-2-caibonitrile was made in accordance with the foregoing procedures through 

steps I using 5-acetylthiophene-2-<»rborutriie, A using imidazole, B, and C using amino {2- 

[(5-nrtj^2-pyrid^ 

HPIX?7.517min. 
20 MS: MH* 355 434.1 
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15 



Example 145-11 

Preparation of 1 5-iinidazolylT4-r4-(4-methylCT } ^( 5- 

nitro(2^vridyl))amino1edivl}amine 




5 {5-inridazolyi^4^4-me^ {2-[(5-nitro(2- 

pyridyl))anrino]etbyl} anrine was made in accordance with the foregoing procedures 
through steps A using 2-bromo- l-{4-fluorophe»yl)^haii-l -one and imidazole, J using 
methylpiperazine, B, and C using amino {2-[(5-nitro(2-pyridyl))amino> 
ethyl}carboxamidine. 

10 HPLC: 5.417min. 
MS:MH*=5013 

Example 145-12 

. Preparation of F5-imidazpM^4HJipericfr^ (2-r(5-nitro(2- 

pyridyl))amino1ethYl>amine 

o. 



O 



6~ 



[5-imidazolyl^4-piperidyiphea>d)pyrimidin-2-yl] {2-[(5-oitro(2-pyridyl))amino]- 
ethyl} amine was made in accordance with the foregoing procedures through steps A using 
2-bromo-l-{4-fhiorophenyl)ethan-l -one and imidazole, J using piperidine, B, and C using 
amino {2^(5-nitro<2-pyridyl))amhio]etiiyl} carboxamidine. 
20 HPLC: 6300min. 
MS: MH*= 4862 . 
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II 




g R«mipli>14S.13 

Preparation of N-(2-f(6^ainino-5-mt^ 

5433^oxomorpholii^vlfayrimidir>2-vl1ac^amide 

a 




o 

5 N-{2-[(6-amino-^^^ 

cHoxomorpholin^yl)pyrimidii>-2-yl] acetamide was made in accordance with the foregoing 
procedures through steps A using 1 ^2,4^ch]orophenyl>-2-chloroefliaiv-l -one and 
phthalimide, B, C using amino {2^(6-amino-5-mtro(2- 

pyridyl))amino]ethyl} carboxanridine, D, E, and K using l,4Hfioxane-2,6-dione and then an 
1 0 excess of acetic anhydride. 
HPLC: I3.117min. 
MS: ^=575.1 

Example 145-14 
Preparation ofN-f2^{24(6-ammo-5Hritro(2-^ 
15 dj(^orophenvItovrimidin-5-vi1acetamide 

f 

N-[2^{2-[(6-amineH5-mto^ 
pyrimidin-5-yi]acetflinide was made in accordance with the foregoing procedures through 
steps A using 1^4^ddomjAenyl)-2<hloro^haxk-l-one and phthalinride, B, C 
20 amino {2^(6-amino-5^tro(2-pyridyl))arriiiK)]^byl} carboxamidine, D, E, and K using 
acetic anhydride. 
HPLC: mOOrnin. 
MS: MH*= 477.0 
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Example 14S-1S 
Preparation of 442^{2-f(6-ammo-5-mtro^ 

dicMoTOphenyl)pvrimidin-5-vlTmorp^ 

■ o:^ 

o 

5 4-[2^{2-[(6-amino-^ 

pyrimidin-5-yl]moTpholine^3,5-dione was made in accordance with the foregoing 
procedures through steps steps A using H2,4-didilorophaiyl)-2-chloroe&an-l-one and 
phthalimide* B, C using amino {24(6-amino-5-nitro(2-pyridyl))amino}- 
ethyl} carboxanridme, D, E, K using l/Wk>xane~2,6<Iione, and F. 
10 HPLC: 9317mm. 
MS: MH*= 533.1 

Example 145-16 
Preparation of N-f2-(f24(fr-gmmOH5-mtro(^ 
dfchloroi^ 




N-[2-({2-[(6-amino-5-n^ 
pyrinudii^5-yl3-2^dim^odaEmo)ace*ami^ was made in accordance with the foregoing 
procedures through steps A using 1 ^2,4^chlorophenyl>-2-<iIoroethanr- 1 -one and 
pbthalimide, B, C using amino {2-[(6-amino-5-nitro(2- 

20 pyridyl))amino]efliyl}caiboxaim(Kne > D, B, and F using 2^dime%lamino)acetic acid 
HPLC: 6 J67miiL 
MS:MH f =5202 




Example 145-17 
Preparation of H2-((24(6-amino-5-nit^ 
25 S^^^^^E^BSSS9^^^S3^0^^^^^^ 
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H2^{2-[(6-amino-5-rritro(2-pyridy^ 
pyrimidin-5-yl]-3-pyrTolin&-2,5-dione was made in accordance with the forgoing 
. procedures through steps A using 1 ^2,4^chloropheny])«2<Woroethan- 1 -one and 
phthalimide, B, C using amino {2-[(6-amino-5-nitro(2-pyridyl))ami^ 
5 carboxamidine, D, E, K using malic anhydride, and F. 
HPLC: 10.083min. 
MS: MH + = 515.1 

Example 145-18 
Preparation of 4W2Adjchloroph(my^ 
10 pyridylVlaminolethyl} arnino)pvrimidm-5-^Tmorpholine-3.5-<hone 

4-[4-(2,4-dichlorophen>i>-2-( {2-[(5^tro(2-pyridyl))amino]ethyl}amino 
5-yl]moipholine-3,5~dione was made in accordance with the foregoing procedures through 
steps A using- 1^2 > 4^chlorophenyl)-2^oroethaa-l-one and phthalimid e, B, C using 
15 amino{2-[(5-nitro(2-pyri^ D, E, K using l,4-dioxane-2,6- 

dione,andF. 
HPLC: 

MS:MHV518.1 

Example 145-19 
20 Preparation ofN-r2^{24(6-ammo-5-mtro(^ 

di(Morophenyl)pyrimidin-^^ 

N-[2^{2-[(6-anrino-5^tro(2^yridyl))amino]eth 
pyrimidin-5-yl}^morpholin^ylbiitananiide was made in accordance with the foregoing 
25 procedures through steps A using 1 -{1,4S chlorophenyl>2-chloroetiian-l -one and 
phthalimide, B, C using amino {24(6-amino-5-nitro(2-pyridyl))- 
amino]ethyl} carboxamidine, D, E, F using 4-chlorobutanoic acid, lmmol of N-[2-({2-[(6- 
amino-5Htiitro(2-pyridyl))amino]^yl}anim 

bromobutanamide, 2 mmol of morpholine, 3 mmol Diisopropyietbyl amine, and 0.1 mmol 
30 of tetrabutylammonium iodide were stirred at room temperature for fourteen hours. The 
reaction mixture was concentrated in vacuo and diluted with water and ethyl acetate. The 
solution was extracted three times with ethyl acetate, dried over sodium sulfate, and 
purified by column chromatography with 5-10% methanol in methylenechloride. 
HPLC:4.837mhL 
35 148:1^=590.2 
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Example 14SgO 
Preparation of H2^(2^(6-amino-5-nit^ 
djchIonn)hmyl)pyrimidin-5^ 

5 H2H^2-[(6-amii^ 

pyriniidm-5-yl}pipm2ine-2,6-<lioDe was made in accordance with .die foregoing 
procedures through steps A using l-(2,4-dichloiophenyl)-2-cIiIoroethan-l-one and 
phthalimide> B, C using amino {2^(6-amino-5-nitro(2^yridyl))amino]ethyl}- 
caihoxamidine, D, E, F using 2^(tert-kitoxy)-N^carboxym 
10 add, and G. 

HPLC: 5.825nriiL 
MS: MH*= 532-2 

Example 145-21 
Preparation of tert-butyl 4-f2^(2-r(6-amino-5-nitro(2-^^ 
15 dkhteroe^^ 

? oh, 

6 

tert-butyl 4-{2^{2-K6-amino-5-nitro(2^^ 
<hc^orophenyl)pyrinudin-5-yl]-3><hoxopipe was made in accordance 

with the foregoing procedures through steps A using 1 -(2,4-dichlcTOphenyl)-2-chlaroetiian- 
20 1-one and phthalinride, B, C using amino {2-[(6-amino-5-nitro(2- 
pyridyl))amino]^hyl}caiboxamidine > D, E, and F using 2-[(tert-butoxy)-N-(caiboxy- 
methyl)caibonylamino]acetic add. 
HPLC: 9.137min. 
MS: MH*= 632,2 
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Example 145-22 

Preparation of tert-butyl 4-f4-(Z4-didilorophgi^)-2-((2-f(S-nitn)(2- 

^CH, 

5 text-butyl 4-[4-(2,4-dicirtoroph^ 

aniino)pyrimidin-5-yi]-3,5-dioxopipeTa2m was made in accordance with the 

foregoing procedures through steps A using l-(2,4-dicldorophenyl>2-chloroethan-lKme 
arid phthalimide, B, C using amino {2-[(5Hiitn)(2-pyridyi))amino]dhyl} caiboxanridine, D, 
. E, and F using 2-[(tert-buto^>NK^ 
10 HPLC:9.861min. 
MS: MH*= 617.2 

Example 145-23 
Preparation of l-r4-(2.4-dicfa]orop^ 
pyridyl))aniino1e1hvl)aminobvrimidin-5-ylM 

N B^XX^ 

15 0~ 

H4<2^cMorophenyl>2^{2-[(5-^^ 
5-yl]piDerazine-2,6-dione was made in accordance with the foregoing procedures through 
steps A using 1 ^2,4KiicWorophenyI)-2-chloroethan- 1 -one and phthalimide, B, C using 
amino {2^(5-mtro(2-pyridyl))atnino]ethyl} carboxamidine, D, E, F using 2-[(tert-butoxy)- 

20 N^caiboxymethyl)carbonyIamino]acetic acid, and G. 
HPLC: 6.554min. 
MS: MH*= 517.2 
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Example 145-24 
Preparation of tert-butyl 4-f2r((2-[(6-amiiH>-5-iritro(2-imi^ 



JEM ^ 



o 



5 tert-butyl 4-[2-{{2^(6-amb^5-ni^ 

<hchlorophenyl)pyrinridin^ was made in 

accordance with the foregoing procedures through steps A using 1 -(2,4-dich]orophenyl)-2- 
chloioethan- 1 -one and 2,6^iimethyipiperazme. 1 mmol of this product, Immol of tert-butyl 
(tert-butoxycaibonyloxy)fonnate > and 2 mmol of triethylamine were stirred at room 

10 temperature in methylenechloride for four hours. Hie reaction mixture was concentrated in 
vacuo and diluted with water and ethyl acetate. The solution was extracted three times 
wife ethyl acetate, dried over sodium sulfite, and purified by column chromatography with 
5-10% methanol in methylenechloride. This product was taken on to steps B and C using 
amino {2-[(6-amino-5«mtro(2-pyridyl))amino]ethyl} caiboxamidine. 

15 HPLC: 10,96min. 
MS:MH*=6323 

Example 145-25 

Preparation oftert-butvl 444-f2 % 4^dblon)T)hmAdV2-(i2-r(5Hiitrof2-> 
pyridylflaminolethvUan^ 

"•S^ch, 




20 

tert-butyl 4-[4<2,4^cMorophenyl)^^ 
amino)pyrimidin-5-yl]-2,^^ was made in accordance with 

the foregoing procedures through steps A using l-<2,4-dichlon)phen}d)-2-<Uon>ethan-l- 
one and. 2,6-dimethylpiperazine. 1 mmol of this product, Immol of tert-butyl (tat- 
25 butoxycaibonyloxy)formate > and 2 mmol of tri ethylamine were stirred at room temperature 
in methylenechloride for four hours. The reaction mixture was concentrated in vacuo and 
diluted with water and ethyl acetate. Hie solution was extracted three times with ethyl 
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acetate, dried over sodium sulfite, and purified by column chromatography with 5-10% 
methanol in methylenechloride. This product was taken on to steps B and C using 
amino {2-[(5-mtn>(2-pyridyl))an^ 
HPLC: 11.713min. 
5 MS: MH*- 6172 

Example 145-26 

Preparation of (2-f(6-amiiK>-5^tn>C2-pyridyl))amiDOletiiyll T4-(2 < 4-dichlon>T)hepvlVS- 
(3 < S-dim^hylpip€ra2inyl)pvrimidm-2-yllaipme 

^ « M U a . 

o 

10 {2-[(6-amino-5^tro(2-p^ 

dimefeylpiperazinyl)pyrinridin-2-yl]amine was made in accordance with the foregoing 
procedures through steps A using l-(2,4-<U(Moiophenyl)-2^ororfhan-l-one and 2,6- 
dimethylpiperazine. 1 mmol of this product, lmmol of tert-butyl (tert-butoxy- 
carbonyloxy)fonnate, and 2 mmol of triethylamine were stirred at room temperature in 

IS methylenechloride for four hours. The reaction mixture was concentrated in vacuo and 
diluted with water and ethyl acetate. The solution was extracted three times with ethyl 
ace t ate, dried over sodium sulfate, and purified by column chromatography with 5-10% 
methanol in methylenechloride. This product was taken on to steps B, C using amino {2- 
[(6-amino-5-mtro(2-pyridyty and O. 

.20 HPLC:5,653min, 
MS: MH*= 532.6 

Example 145-27 
Preparation of r4-(2«4HfichIorophenyiy5^3^ 

nitrof2-pyridvl))amino1ethynamme 




25 o 

[4-(2,4^chlorophfinyl>5^3 > 5Kii^^ {2-[(5-nitro(2- 
pyridyl))amino]ethyl } amine was made in accordance with die foregoing procedures 
through steps A using 1 -(2,4-didiloTophenyl)-2-chloroedian-l -one and 2,6- 
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dimetbylpipearazine. 1 mmol of tips product, lmmol of tot-butyl (tert- 
butoxycarbonyloxy)fbrmate, and 2 mmol of triethylamine were stirred at room temperature 
in methyl en echloride for four bouts. The reaction mixture was concentrated in vacuo and 
diluted with water and ethyl acetate; The solution was extracted three times with ethyl 
5 acetate, dried over sodium sulfate, and purified by column chromatography with 5-10% 
methanol in methyl enechloride. This product was taken on to steps B, C using amino {2- 
[(5-nitro(2-pyridyl))amino]ethyl} caiboxamidine, and O. 
HPLC: 6.193mia 
MS: MH 4 ^ 517.6 

10 Example 145-28 

Preparation of N-r4-(2,4-dicMorop^ 
pyridyfljaminolefoyUamino):^^ 





hr 

N-[4-{2/»-dicirtorophentf^ 
15 pyrimidin-5-yl]-4-hydmxybutanamide (74814) was made in accordance with foe foregoing 

procedures through steps A using l^»4-dicMomphenyl)-2-<Moroefoan-l-one and 

phthaliinide, B, C using amino {2-t(5-nitro(2-pyridyl))amino]ethyl } caiboxamidine, D, E, F 

using 4-bromobutanoic add. 

HPLC: 5.688min. 
20 MS: MH + = 506.2 

Example 145-29 
Preparation of T5-((lEH-aza-2-pvroUdinylpro^ 
2-yil (2-r(6-amino-5-nitro^ 



a 




o 



25 [5-((lEH-ra-2-pynoHdinylp^ 

{2-[(6-amino-5-nitro{2-pyridyl))amino]e%l} amine was made in accordance with foe 
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foregoing procedures through steps A using H2,4-(UdiIorophmyl>2-chloroethan-l-one 
and phthalimide, B, C using amino {2-[(6-amino-5-nitro(2- 
pyridyl))amino]ethyl}carboxamidine, D, E, and K using acetic anhydride. I mmol of N-[2- 
({24(6-aroino-5-nitro(2-pyridyl))ai^ ' 
5 yl]acetamide and 2 mmol of Lawesson's reagent were stirred in 2 ml of DME at 80°C. The 
reaction mixture was concentrated in vacuo and diluted with water and ethyl acetate. The 
solution was extracted three times with ethyl acetate, dried over sodium sulfate, and 
purified by column chromatography eluting with 5-10% methanol/methylene chloride. 1 
mxnol of l-{[2-({2-[(6*min^5^t^ 
10 ch(^orophenyl)pyrimidin-5-yl]amino} ethane-l-thione was heated to 85°C in pyrrolidine 
and purified by column chromatography ehiting with 5-10% methanol/methylene chloride. 
HPLC: 6.032min. 
MS: Mt?= 530.3 

Example 145-30 

15 Preparation of (5-1X1 EH -aza-2-( CTdopmpylamino)Tgoivl -myll-^2.4- 

dichlorophenyl)pyrimidin-2-yl) f 2-r(6-amino-5-nitro(2-pvri(h4)^^ amine 

{5-[(lE>l-aza-2-(cyclopropylam^ 
pyrimidin-2-yl} {2-[(6-amino-5Hoitro{2-pyridyl))ainino]ethyl } amine was made in 
20 accordance with the foregoing procedures through steps A using l-(2,4-dichIorophenyl)-2- 
chloroethan-1 -one and phthalimide, B, C using amino {2-[(6-amino-5~nitro(2- 
pyridyl))anaino] ethyl } carboxamidine, D, E, and K using acetic anhydride. 1 mmol ofN-[2- 
({2 r [(6-amino-5-ndtr^ 

yljacetamide and 2 mmol of Lawesson's reagent were stirred in 2 ml of DME at 80°C The 
25 reaction mixture was concentrated in vacuo and diluted with water and ethyl acetate. The 
solution was extracted three times with ethyl acetate, dried over sodium sulfate, and 
purified by column chromatography eluting with 5-10% methanol/methylene chloride. 1 
mmol of 1- {[2-( {2-[(6-ammo-5-mtn>(2-pyri 

diddorophenyI^>yrimidin-5-yi]ainino} dhan^-l-thione . was heated to 40°C in 
30 cyclopropylamme and purified by column chromatography eluting with 5-10% 
methanol/methylene chloride. 
HPLC:5.781min. 
MS: MHT= 516^ 
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Example 145-31 
Preparation of H2-(|2-f(6-amko-5-nitro^ 
dj<Morophepyflpyrimidii*-5-yl1-M 




5 . l-[2^{2-[(6-amino-5-nitro(2-pyridyI))amino]dhyl}amin 

pyrimidirH5-yl]-3-(4-methylpi^^ was made in accordance 

with the foregoing procedures through steps A using l-(2,4-didjQrophenyi)-2-chloroethan- 
1-one and phthalimide, B, C using amino{2-[(6-amino-5-nitn>(2^yridyl))amino]etiiyl}- 
caiboxamidine, D, E, K using malic anhydride, and F. Large excess of morpholine was 
10 added to clean fractions of l-[2-({2-[(6-amino-5-nitro^ 

(2,4^chlorophenyl)pyriim concentrated in vacuo, and 

purified by column chromatography eluting with 5-10% methanol/methylene chloride. 
HPLC: 4.897min. 
MS: MH 4 ^ 546.3 

15 Example 145-32 

Preparation of f6^Z4^(^orophenylV5-nitro(2-pvridyl)1 f2-r(5-nitro(2- . 
pvridyl))amino1ethyUamine 

9; 

[6-(2,4Hfiddorophen>d>-5^tro(2-pyridyl^ {2^(5-mtro(2-pyridy0)amino]ediyl}- 
20 amine was made in accordance with die foregoing procedures through steps L using 2,6- 
dichloro-3-nitropyridine and 2,4-dichlorobenzeneboronic add, and stq> M using (2- 
amino^yl)(5-nitro(2-pyridyl))amine. 
HPLC: 9398min. 
MS: MH*= 448.8 
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Example 145-33 
Preparation of N-f6-((2-f(6-ami^ 

dichlorophenyl)(3-pyridYl)1-N^ 



phenyl)(3-pyridyl)]-N-ethylacetamide was made in accordance with the foregoing 
procedures through steps L using 2,6-dichloro-3Haitropyridine and 2,4- 
dichlorobenzenebqronic acid, M using N^-aminoethyl)(tet-b\itoxy)caiboxamide, O, K 
using acetic anhydride, G, and H using 6-<^qro-3^tro-2-pyridylamine. 
HPLC:6223min. 
MS: MH*= 504.2 

Example 145-34 

Preparation of fSjfljHg^ 

pyridyltt (2-r(6-ammo-5-nitro(2-mTidvfflamino1ettiYl)anMne 

{H(6-*nin<>-5-^^ 

amino~5-nitro(2-pyridyl))amino] ethyl} amine was made in accordance with the foregoing 
procedures through steps L using 2,6-dichloro-3^iitropyridine and 2,4- 
dichlorobenzeneboronic add, M N-(2-aminoe%lXtert-butoxy)caiboxamide, N, H using 6- 



cWon>3-nitro-2-pyridylamine > G, and H using 6-cUoro-3-nitro^2-pyrid^amine. 
HPLC: 7.467miiL 
MS: MH*= 571.0 



Preparation of f2-r(6-amiiM>-5-nitn^^ 

fetfwlaminoX2-imidvl)1amine 



{2-[(6-amino-5^tnK2-p^ 
(ethyIammo)(2-pyridyl)]aniine was made in accordance with the foregoing procedures 
through steps L using 2,6-<fcchloro-3^tropyridine and 2,4-dichlorobenzeoeboronic acid, 




o 

N-[<H{2-[(6-amino-5-nit^ 



Example 145-35 




o 
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M using N^-aminoetbylX^butoxyJcaiboxamide^ O, G, and H using 6-chloro-3-nitro- 
2-pyridylamine, 
HPLC: 5.263min. 
MS: MH*- 462.0 

5 Example 145-36 

Preparation of r6^2,4^cb]on)phenvl V3>nitro(2-pyridyl)l f 2-r(5-mtrpf 2- 
pvridyfflaminolethyll amine 

[6^2,4^cirtoioph^^ 

10 amine was made in accordance with the foregoing procedures through steps L using 2,6- 
dichloro-3-mtropyridine and 2,4-didilorobenzeneboronic add collecting minor product; 
and step M using (2-aminoethyl)(5-nitro(2-pyridyl))amine. 
HPLC: 12.003min. 
MS: MH*- 449.0 

15 Example 145-37 

Preparation of2-(2,4-dicMc^henvlV4-meaiyl^(24(5-rdtn)(2- 
pyridyD^aminolethyU amino)pTOdine-3»K^ibonitrile 




2^2,4-<fcchlon>phenyIM^^ 
20 pyridine-3-carbonitrile was made in accordance with the foregoing procedures through 
steps L using 2,6^chloio-4^etoylpyridme-3 and 2,4-dichloro- 

boteeneboronic acid, and step M using (2-aminoe&ylX5-nitro(2-pyridyl))amine. 
HPLC: 12.183miiL 
MS: MH f = 443.0 

25 Example 145-38 

Preparation of f24(6-amino-5-nitroft-^ 

nhro(2-pyridyl)1amine 

{2-[(6-amino-5-iutro(2i>yri^ 
30 ' pyridyl)]amine was made in accordance with the foregoing procedures through steps L 
using 2,6^cldoro-3-nxtrqpyridine and 2,4-cHcUorobenzeneboronic acid collecting minor 
product, M using N-(2-amino^yl)(teii-4nitoxy)aaboxann^ G, and H using 6~chlon>-3- 
nitro-2-pyridyiamine. 
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HPLC: 10.682miiL 
MS: MH + = 464.0 

. Example 145-39 
Preparation of f2^(6namino-5-njtro(2-p\rid^^ 

pyridyfflamine 




{2-[(6-amincH5-nitro{2-pyridyl))amino]ethyl} [6^4-ethylphenyl>5-nitro(2- 
pyridyl)]amine was made in accordance with die foregoing procedures through steps L 
using 2,6^dhloro-3-nitropyridine and 4-eihyIbenzenei>oronic acid , M using N-<2- 
10 aminoethylXtert-butoxy)catboxamide > G, and H using 6^oro~3-nitn>-2-pyridylamine. 
HPLC: 9.354min. 
MS: MH*= 424.1 

Example 145-40 
Preparation of N-n42^{24(6-amino-5-mtro(^^ 
15 dichlorophenvflpvrimidm-^ 

. I 

N-{H2^{2^(6-*m*ino-5^^ 
dichlorophenyl)pyrimidin-5-^^ was 
made in accordance with the foregoing procedures through steps A using l-(2,4- 
20 dichlorophenyl)-2-chloroethan-l-oiie and phthalimide, B, C using amino {2~[(5-nitro(2- 
pyridyl))amino]ethyl}caiboxamidine > D, E, and F using H(tert-butoxy)carbonyl- 
amiiio]propane-13-dicartx)xyUc acid. 
HPLC: 9.152min. 
MS: MH*= 646.4 
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Example 145-41 

Preparaticmof3-anaii^ 



it 

o 

5 3-amiiK>-l-[2<{2-[(6-amin^ 

dachlon^henyl)pyrimidii^ was made in accordance with the 

foregoing procedures through steps A using 1 ^2,4-Klichlorophenyl>-2-duoroethan- 1 -one 
and phthalimide, B, C using amino {2~[(5-nitio(2-pyridyl))amiiK)]e%l} carbo D, 
E, F using H(tert4>utoxy)caiboiiyIain^ acid, and G. 

10 HPLC: 5^47miiL 
MS: MH*= 546.3 

Example 145-42 
Preparation of N42-(i2-r(6-amino-^ 
flcMorophenyl)pyriniid 




15 

N-[2-({2-[(6-amino-5-:ni^ 
phenyl)pyrimidin-5-yi]-2-[(tert^ was made in 

accordance with die foregoing procedures through steps A using 1 -(2,4-dichlorophenyi)-2- 
. chloroethan- 1 -one and phthalimide, B, C using amino {2-[(6-amm^5-nhro(2-pyridyl))- 
20 amino]dh^}caiboxamidine, D, E, and F using 2^(tert4)utoxy)-N-mettiylcaibonylanrino3- 
acetic acid, 
HPLC 8346min. 
MS: MH^ 6062 
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Example 145-43 
Preparation of N42-(f2-r(6-amino^^ 
dichlorophmYnpyrimi^ 




5 N-[2-({2-l(6-amino-5-ni^^ 

pyrimidii^5-yi]-2-{mdhylam^ was made in accordance with the foregoing 

procedures through steps A using 1 dJorophenyl)-2-chloroethan-- 1 -one and 
phthalimide, B, C using amino {2^(6.amino-5^nitn)(2-pyridyl))- 
amino] ethyl } caiboxamidine, D,E,F using 2^(tert-butoxy)-N-methylcarbonylainino]acetic 
10 acid, and G. 

HPLC: 4,716miiL 
MS: MH^ 506.1 

Example 145-44 
Preparation of H6^f 24(6-amiiM)-5-mtioft^^ 
15 eft^phenylV3-pvridvlTpvrroKdine-2.5-dione 




l-[H{2-[(6-amino-5^t^^ 
pyridylJpyirolidine^Sslione was made* in accordance with the foregoing procedures 
through steps L using 2,6-dichloro-3-nitn)pyridine and 4-ediyIbenzeneboronic acid , M 
20 using N-(2-axninoe4hylXtert-butoxy)caiboxamide l F using ethane 1 ,2-dicarboxylic add, G, 
and H using 6-chlon>-3-nitro-2-pyridylamine. 
HPLC: 6.072min. 
MS: MH*= 476.2 



Example 145-45 

25 Preparation of 2-T4-(2.4^cMonnAcavlV2-(f24(S-nitio(2> 

pyridyl))amino1eth\1 ) amino)pvrimidin-5->11isoindolme- 1 3-<froiie 
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2H[4^2,4HficUon>phenyl>2^{24(5-nitro(2-pyrid 
5-yl]isoindoline- 1 ,3-dione was .made in accordance with die foregoing procedures through 
steps A using 1 ^2,4^chlorophenyl)-2-chloioethan-l-one and phthalimide, B, C using 
amino (2- [(5-nitro(2-pyridyi))amino] ethyl } carboxamidine, and D. 
5 HPLC: 12.12min. 
MS: MH*= 549.8 

Example 145-46 

Preparation gf2j^£{2Jj{{^ 

di<^orophe^)pvrimidm-5-yl1-3-pv^ 

10 

2-[2<{2^(6-amino-5-nitro(2-pyridyl))amino] 

pyrinndin-5-yl]-3^yiroliro^ was made in accordance with the 

foregoing procedures through steps A using H2,4Hfichlorophenyl)-2-chloroethan-l-one 
and 3-pym>lino[3 > 4^]pyridine^l ,3-dione. B, C using amino {2-[(6-amino-5-mtn>(2- 
15 pyridyl))animo]ethyl}caxboxainidine> and D. 
HPLC: 9.85miiL 
MS: MH*= 566.1 

Example 145-47 
Preparation of Mr2^m(6-anuno-SHm^ 
20 dic^onn>hcaiYl>pyrimidin-5-ynaminb} ethane- 1 -thione 

1 - {[2-( {2-[(6-amino-5-nitn)(2-pyridyl))amino]ethyl} amino)-4-{2,4-dichloro- 
phenyl)pyrimidin-5 -yl] amino } ethane- 1 -thione was made in accordance with the foregoing 
procedures through steps A using H2 > 4-^dhlorophoiyl>-2-chloroeflian-l-one and 

25 phthalimide, B, C using amino {2^(6-ainino-5-nitco(2-pyridyl))amino]^jd}- 
carboxamidine, D, E, and K using acetic anhydride. 1 mmol of N-[2-( {2-[(6«amino-5- 
nitro(2^yridyl))amino]ethyl} and 
2 mmol of Lawesson's reagent were stirred in 2 ml of DMB at 80°C The reaction mixture 
was concentrated in vacuo and diluted with water and ethyl acetate. The solution was 

30 extracted three times with ethyl acetate, dried over sodium sulfate, and purified by column 
chromatography ehiting with 5-10% methanol/methylene chloride. 
HPLC:lL63miiL 
MS: MH*= 493.1 
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Example 146 
Preparation of 4-rS-ipiidazol-2-vl-2^(24(5-nitro(2- 
pyricM))amipo1ethyl}an)inofo^ 





4-[5-imidazol-2-yi-2-( {2^(5-nitn>(2^yridyl))aiiiiiio]eth>d} amino)pyriniidinr4- 
yljbenzenecaibonitrile was prepared from 4-cyanobenzoyi chloride using the general 
method for [4^2,4^cMorophenyl>5-inudazoI^ 
pyridyl))amko]ethyl}amine. 
HPLC: 215 min (>9S% purity) 
MS: M+H = 428.1 (C^HnNpQj+H = 428) 

Example 147 

Preparation of 6-f(2- ([4^2,4^ichlorophenylVS-inuda^ 

yllamino) ^vl)aminbtevridin&>3-carfaonitrile 



. 6-[(2-{[4-(2,4-dichlon^hen^ 
pyridine-3-carbonitrile was prepared from 2-chloro-5-{cyano)pyridine using the general 
method for [4-(2/Midilon>ph^ 
pyridyI))ammo]etfiyi}amine. 
HPLC: 18.2 min (>95% purity) 
MS: M+H - 451.1 (C2,Hi6Q2N 8 -« == 451) 
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Example 148 

Preparation of f4^4^c^orcrohenviy5-M 




5 [4^2,4^t^orophenyI>5-^ 

pyridyl)]amino} ethyl)amine (71480) was prepared from 2-dJoro-5-(trifluoro- 
methyljpyridine using die general method for [4^2,4^cUorophenyl>5-imidazol-2- 
ylpyrimidin-2-yI] {2-[(5-nitro(2-pyridyl))amino]rthyl} amine. 
HPLC: 18.9 min (>95% purity) 
10 MS: M+H - 494.1 (CnH^JF^H =494) 

Example 149 
Preparation of r4^2»4^cM<mMhenyl^ 

nitroQ-Pvri<hd))amino1eftyl)amine 




15 [4K2,4^(Moroph^^ 

pyridyl))amino]ethyl} amine was prepared from 1^2-dimetfaylimidazole using the general 

method for [4^2,4Hfichloropheny^ 

pyridyl))ammo]ethyl}amine. 

HPLC: 21.9 min (>9S% purity) 
20 MS: M+H = 485.1 (Q,H 18 Cl2N802+H = 485) 

Example 150 

Preparation of { 5-imidazol-2-yM-f 4^tri^romethylbhenyrtovrimidin-2->i) (2-f (5- 
nitro(2'-pvridyR)amino1ediyll amine 
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{5-nnidazol-2-yl^[4^trifluorome&^ {2-[(5-nitro(2- 
pyridyl))anrino]ethyl } amine was prepared from 4-(trifluon>methyl)bajzoyl chloride using 
the general method for [4^2,4^chloiophenyl)~5-imida^ 
nitro(2-pyridyl))ainiiio]e^ 
HPLC: 22.0 min Q>95% purity) 
MS: M+H = 471.2 (CziHiyFjNgC^+H =471) 

Example 151 

Preparation of 6J^g^{5jmk^ 

yl ) amino)^yl1amino>pyridine-3Harhonitrile 

H 





10 F 
6-{[2^{5-inuda2»l-2^ 

amino}pyridine-3-carbonitiile was prepared from 4-(trifluoromethyl)ben2oyl chloride and 

2-dJoro-5-{cyano)pyridine using the general method for [4^2,4-dichlorophenyl)-5- 

imidazol-2-ylpyrimidin-2-yl] {24(5noitro(2-pyridyl))amiiio]ethyi} amine. 

15 HPLC: 193 min (>95% purity) 

MS: M+H = 451.2 (CaHnFaNa+H = 451) 

Example 152 
Preparation of {5-imidazol-2-vl^r4^trif^ 
(trifhionmethylK2-pyri^ 



F. 
F 




20 F F 



{5-imidazol-2-yl-4- [4^trifluoromethyl)phenyI]pyrimi din-2-yl } (2- { [5-(trifluoro- 
methylX2-pyridyl)] amino} ethyl)amine was prepared from 4-{trifluoromethyl)benzoyl 
chloride and 2K±iloro-5^trifluoromethyl)pyridine using the general method for [4-(2,4- 
dicMorophenyI>5-imidazol-2-yIpyrimi^ 
25 HPLC: 20.0 min C>95% purity) 

MS: MfH = 494^ (C22H|7F6Nt+H = 494) 
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Example 153 
Preparation of 6-f(2-{f4-(2,4^cM(ro^ 

H N ' 

n ^Un » 

5 6-[(2- {[4-(2,4-di chlorophenyi)-5-(l -methyiimidazol-2-yl)pyrim - 

e&y])ammo]pyridine-3-cari>onitrile was prepared from 1 ^-dimethylimidazole and 2- 
chloro-S<cyano)pyridine using the general method for [4<2,4^cMorophenyl>-5-imidflzol- 
2-ylpyrimidin-2-yl] {2-[(5-rritro(2-pyridyl))amino]etti>d} amine. 
HPLC: 19.0 min (>95% purity) 

10 . MS: M+H = 465.1 (C 22 HiBa 2 N 8 +H = 465) 

Example 154 
Preparation of r4-f2,4^ddorophm^^ 

(triflnoromethyn(2>pyridyr)1amino) ethyl)amine 



€1 




F F 

15 [4-(2/*-dichIon>p^^ 

methylX2-pyridyl)] amino } ethyl)amine was prepared from 1 ,2-dimethylimidazole and 2r 
cUOTO-5-(trifluorometti)d)pyridine using die general method for [4-(2 > 4-dichlorophmyl)-5- 
imidazol-2-ylpyrimid^ • 
HPLC: 20.0 min (>95% purity) 

20 MS: M+H = 508,1 (C^ibCIzF^t+H = 508) 

Example 1S5 

Preparation of f4-(2-cldoTOThenv^ f 2-T(5-nitro(2- 

pyridyl))amino1ediyl> amine 
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[4^2-chlorophenyl>5-imidazol-2^ {2-[(5-nitro(2-pyridyl))ainiiio]- 
ethyl} amine was prepared from 2-chloiobeazoyl chloride using the general method for [4- 
(2,4^cMorophaiyl)-5-iinidazol-2«^^ {2-[(5-nitro(2- 



HPLC: 18 J min (>95% purity) 

MS: M+H - 437.1 (C^itCINb^+H = 437) 

Example 156 

Preparation of 6^(2-U4^<hlorophenylV5-imidazol-^^^ 
yllammo) efcyl)aminofoyridine-3-<aibonitrile 



6-[(2-{[4<2^oropbeoyl>54mid^ 
pyridine-3-carbonitrile was prepared from 2-chlorobeazoyl chloride and 2-ddoro-S- 
(cyano)pyridme using die general method for [4-(2,4-dichlorophenyl)-5-nnidazol-2- 
ylpyrinridin-2-yl] {2-[(5-nitro(2-pyrid^))amino]ethyl} amine. 

HPLC: 15.3 min (>95% purity) 

MS: M+H = 417.2 (C^tONs+H = 417) 

Example 157 

Preparation of f4^2^oipphenylV5-iinidazol-2-yl^^ 

(trifluOTome^l)(2H^yridW)1amino) ethyDamine 



[4^2-cMorophenyi)-5-imi^^ 
pyridyl)]amino}ethyl)amme was prepared from 2-chlorobenzoyl chloride and 2-chloro-5- 
(trifluoromefliyljpyridine using die general method for [4-(2,4-dichlorophe3iyl)-5-iimdazol- 
2-ylpyrimidin-2-yl] {2^(5-nitro(2-pyridyl))amino]ethyl} amin 
HPLC: 16.8 min (>95% purity) 
MS: M+H = 4602 (CiiHnClFaNrtH = 460) 



pyridyl))aniino]ethyl}amine. 
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Example 158 
Preparation of T4-(2^oro-4-ftoorophen^ 

pyridyl^aminolethyl} amine 

T? H 

CI H ^^NOz 
5 [4^2-<^oro^flm)rophe»)d)-5-imidazol-2-ylp)Tiinidin-2-yl] {2-[(5-nitro(2- 

pyiidy]))amino]ethyl } amine was prepared from 2-chloro-4-fluorobenzoyl chloride using 
the general method for [4{2 > 4^cMorophenyl)-5-imidazol-2-yh^nr^ 
mbx)(2-pyridyl))amino]ethyl} amine. 
HPLC: 19.4 min C>95% purity) 
10 MS: M+H = 455. 1 (C 20 Hi 6 ClFN 8 O 2 +H = 455) 

Example 159 

Preparation of {444-fliK>ro-2^triflnoromemyl)phep^ f 2- 

f (5^tro(2-pyrid\l))aminol ethyl) amine 



H 

F H I J 

15 {4-[4-ftaoio-2<tiifliH>rome&y^ {2-{(5- 

mtro{2-pyridyl))amino]ethyl} amine was prepared from 4-ftuoro-2- 
(trifluoxome*hyi)benzoyl chloride using the general method for [4-<2,4-<iidilorophen>1)-5- 
itnida2»l-2-ylpyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))amino] ethyl} amine. 
HPLC: 21.0 min (>95% purity) 

20 MS:M+H=t489^(C2iH 16 F4N 8 024H = 489) 

Example 160 

Preparation of (4-r4-fluoro-2-(trifluoiome^ (2- 
r(S-nitro(2-pyri(hd))amino7ediyi> amine 
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{4-[4-fluon>-2-(trifluo^ {2-[(5- 
mtro(2^yridyl))amiiio]eihyl} amine was prepared fiom 4-fluoro-2- 
(trifluoromethyl)beazoyl chloride using the general method for [4-<2,4-didilorophenyl)-5- 
imidazol-2-ylpyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))amino]ethyl} amine. 
HPLC: 21 2 min C>95% purity) 
MS: M+H = 4313 (CjiHi^gCfc+H = 431) 

Example 161 
Preparation gfj^j^gflgflgh^^ 



H 




10 'f 

[4^4^ylphenyl)-5-hnidazoW-ylpy^ 
pyridyl)]amino} ethyl)amine was prepared fiom 4-ethylbenzoyl chloride and 2-chloro-5- 
(trifhioromethyl)pyridine using die general method for [4-(2 > 4-dichlorophenyl)-5-imida2»l- 
2-ylpyrimidin-2-yI] {2-[(5-mtrc<2-pyridyl))ainino]ediyl} amine. 
15 HPLC: 19.4 min (>95% purity) 

MS: M+H = 454.3 (CjsHjzFsNt+H = 454) 

Example 162 

Preparation of (4-f2-fhioio^tiifhionnneaVnp^^ {2- 
f(5-nitro(2-p^dvl)Wnno1en\vi>amine 




F 

20 r F 

{4^-fluoio^ttiflooromE&yl)phmyl>5-innd 
nitro(2-pyridyI))amiiK)]ethyI} amine was prepared fiom 2-fluoro-4- 
(trifluoromedryl)benzoyl chloride using the general method for [4-(2,4-dichlorophenyl)-5- 
imidazol-2-yipyrimi(iin-2-yl] {2-[(5-nitro(2-pyridyl))amino]ethyl} amine. 

25 HPLC: 222 min (>95% praity) 

MS: M+H =4892 (C 2 ,H,6F 4 N80 I +H =489) 
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Example 163 

Preparation of 6-r(2-(r4^2<hlon>^fhioro^^ 

yllamino ) etfayl)anriDofoyridine-3-caibonitrile 




5 6-[(2-{[4^2^cm>^fluoropheny 

amino]pyridiiLe-3-cart>onitrile was prepared from 2-chloro-4-fluorobeazoyl chloride and 2- 
<Woro-Hcyano)pyridine using die general method for [4^4Khchlorophenyi)-5-imidazol- 
2-ylpyrimidm-2-yi] {2^(5^tit)(2^)ddyl))ainiiK)]^yl}amine. 
HPLC: 16.3 man (>95% purity) 
10 MS: M+H = 435.2 (C^iHidClFNg+H - 435) 

Example 164 
Preparation of f4^2^on)^fluorophenviy 
(trifhiorome&Yn(2^vridvD 




15 [4^2^oro^fluorophenyl>5^^ 

(trifliK>n>m^yl)(2-pyrid)d)]amino}rfhyl)amine was prepared from 2-chloro-4- 

fluorobenzoyl chloride and 2<Uoio-5-(triflitoroinefliyl)pyridine using the general method 

for [4-(2,4^chlon>phenyl)-5-im^ 

ethyl} amine. 
20 HPLC: 17.7 min (>95% purity) 

MS: M+H = 478^ (C2!H,rf3F^H = 478) 

Example 165 
Preparation of 6-f[2^{4-r4-fluoro-2^trifl^ 

yl>amino)etbynamiiK)}p\nidin^^ 



25 
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&-{[2-{{4-[4-fhioro-2^trifluorom 
yl}amiBo)ed^]amino}pyridm&-3-caiboiutriIe was prepared from 4-fluoro-2- 
(trifluoTomethyl)benzoyl chloride and 2-chloro-5r(cyano)pyridme using the general 
method for [4-(2,4-di<±dorophenyl)-5-H^^ 
5 pyridyl))amino]dhyl}amine. 
HPLC: 18.1 min Q>95% purity) 
MS: M+H = 469.2 (CyH^^+H = 469) 

Example 165 

Preparation of f 4-f4-fhioro-2-(triihioromefo^^ (2- 
10 (F5-(trifliiorom^Yl)(2-pyri(h y l)1amino)^vl)amine 




{4-[4-fluon>-2-(trifhioro^ (2- { [5- 

(trifluoromethylX2-pyridyl)]amino}ethyl)amine was prepared from 4-fluoro-2- 
(trifluoromethyl)benzoyl chloride and 2^Moro-5^trifluoromethyl)pyridine using the 
15 general method for [4-(2,4^<Worophenyl)-5-imidazol-2-ylpyrim 
pyridyl))amino]etbyl}amine. 
HPLC: 1 8.8 min (>95% purity) 
MS: M+H = 512.2 (Q0H16P7N7+H = 512) 

Example 166 

20 Preparation of 6-r(2-(r4-(4-e&ylphenvIV5-ira 

yflamino} ethvRanriiK)Timidine"3K^ifaonitrile 




H(2-{[4-(4-ethylphmyl>5-imid^ 
pyridine-3-carbonitrile was prepared from 4-ethyIbenzoyl chloride and 2-cfaloro-5~ 
25 . (cyano)pyridme using the general method for [4-{2 > 4-<Hchlarophenyl)-5-imida2ol-2- 
ylpyrimidin-2-yl] {2-[(5-mtn>(2-pyri^ 
HPLC: 17.9 miir(>95% purity) 
MS: M+H = 41 U (C23H22N^H = 41 1) 
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Example 167 

Preparation of r4^4^orophenviy5-im (2-r(5-mtro(2- 

pyridyl))amino1ethyl|amine 

Br f . h 

5 [4^4-<^arophenyI)-5-^ 

ethyl} amine was prepared from 4-chlorobenzoyl chloride using the general method for [4- 
C2,4^(MorophenyI>5-imidazol-2-ylpyriim {2-[(5-nitro(2-pyridyI))- 
amino]ethyi } amine. 
HPLC: 20.0 min (>95% purity) 
10 MS: M+H = 437.1 (QoHiTdNgCfe+H - 437) 

Example 168 

Preparation of 6-K2- (r4^4K^orophenylVS-imida2X)l-2-vlpvrinridm-2" 
yllamino} ethyl)aminolpvridine-3-caiboni1iile 




N 

15 6-[(2-{[4-(4-chlorophenyl)-5-^ 

pyridine-3-carbonitrile was prepared from 4-chlorobenzoyi chloride and 2-chloro-5- 

(cyano)pyridine using the general method for [4<2 > 4^<Morophenyl>5-imidazol-2- 

ylpyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))amino]ethyl} amine. 

HPLC: 17.1 min (>95% purity) 
20 MS:M+H«4m(C2,Hi7CIN 8 +H«417) 

Example 169 
Preparation of r4^4-cfalon>-2-meavl^ 

pyridyi))amino1ethyl)amine 

a 




25 [H4-cMoro-2-me%lpheny^ {2-[(5-nitro(2- 

pyridyl))amino]ethyI}amine was prepared from 4-chloro-2^ethylbenzoyI chloride using 
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the general method for [4-(2/t^chlorophenyl>^ 

mtro(2-pyridyl))amino]e&yl}amine. 

HPLC: 20.8 min Q>9S% purity) 

MS: M+H = 451^ (C^iH l9 aN 8 C)2+H = 451) 

5 . Example 170 

Preparation of f4^4-chloro-2-mefoyfohenyiV5-^ 

(trifluorome&viy2-pyridvRTainmo} ethyl)aniine 




[4^4-chlcm>-2-inetI)yipheny^ 
10 mefcylX2-pyridyl)]amino} ethyl)amine was prepared from 4~chloro-2-mefhylbenzoyl 
chloride and 2-chloro-5-(trifhiorom^yl)pyridine using the general method for [4-{2,4- 
diddoxophenyl>5-imidazoW^ 
HPLC: 19.2 min (>9S% purity) 
MS: M+H = 474.2 (C22H19CIF3N7+H - 474) 

15 . Example 171 

Preparation of 6-lf2-( (4-r2-fluoio-4-ftrifh^ 

• yl)amino)ethyl1ammo)pyridme-3-caibomtrile 

XJ H JUL F 

N F >F 

6-{[2^{4-[2-fluoio-4^trifl^^ 
20 yl} amiiK>)ediyl]ammo } pyridine-3-caiboiiitrile was prepared from 2-fluoro-4- 
(trifluoromethyl)benzoyl chloride and 2-chloro-5-(<yano)pyridine using die general 
method for [4-(2,4^cMon^heny^ 
pyridyl))amino]ethyi}amine. 
HPLC: 19.7 min (>95% purity) 
25 MS: M+H = 469 J (Q^Hi AN^H - 469) 
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Example 172 

Preparation of r4^2-fhiorophenvll5-im^ |2-K S-nitrof 2- 

pyridyDtoaipoletfavn amine 

n 

5 [4^2-fhionrohenyl)-5-hni^ {2-[(5-nitn>(2-pyridyl))amiiio> 

ethyl} amine was prepared from 2-fluorbenzoyl chloride using the general method for [4- 
(2,4HMchlorophenyl>5-miidazol-2-ylpyrimidin- 
ethyl}amme. 

HPLC: 17.9 min (>95% purity) 
10 MS: M+H « 421.2 (QaHnFNgOj+H = 421) 

Example 173 

Preparation of 6^r(2- ir4^2-fliu)rophenvl VS-imida2ol-2-yhyyTimidin-2- 
yl1aDiinf>|<»»>rYl)imuTOrovridme-3-<arbomtrile 

S3 




15 6^(2-{[4^2-fluorophenyl)-5-i^ 

pyridine-3-carbonitrile was prepared from 2-fluorbenzoyi chloride and 2-chloro-5- 

(cyano)pyridine using the general method for [4^2,4^cWorophenyl}-5>imidazol-2- 

yipyrimidin-2-yl3^ 

HPLC: 14.7 min (>95% purity) 
20 MS: MfH =4012 (C^HpFNg+H = 401) 

Example 174 
Preparation of r4^4^oro-2^efiK)XYph^ 

mtro{2>pyrid^))ainino1^favU amine 




25 [4^4^ort>-2-medioxyphei^ {2-{(5^iitrop- 

pyridyl))amino]efliyl}amine was prepared from 4-cblon^2Hnethoxybenzoyl chloride using 
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the general method for [4-(2,4Hdichl<m>p^^ 

nitn>(2-pyridyl))amiiio] ethyl} amine, 

HPLC: 19.9 nun (>95% purity) 

MS: M+H = 4673 (C^H^ONgOj+H = 467) 

5 Example 175 

Preparation of 64(2-(f4-(4^on>-2-methoxYplien^ 

yl1amiiK)>e1hvnaminolpvridine-3-cart)onit3rile 




6^(2- {[4^4^oro-2-methoxyphenyl>^ 
10 ethyl)amino]pyridine-3-carbonitrile was prepared from 4-chloro-2-meihoxybenzoyl 
chloride and 2-chloro-5-(cyano)pyridme using the general method for [4^4- 
dichlorophmyl>5-iMdazol-2-ylpyrinii {2-[(5-nitro(2-pyridyl))amino]ethyl} amine. 

HPLC: 16.9 min (>95% purity) 
MS: M+H - 4473 (CrtHwCINaOfH = 447) 

15 Example 176 

Preparation of 6-IT2- (f4-(4-Ghloro-2-methvlphefly^^ 

vllamino) eflivl)aminolpvridine-3^aifaonitrile 




6-[(2-{[4-(2-chloio-4-fluoi^^ 
20 amino]pyridine-3-carbonitrile was prepared from 4-chloro-2-methylbenzoyl chloride and 
2-chloro-5-{cyano)pyridine using the general method for [4-(2,4-dichlorophaiyl)-5- 
imidazol-2-ylpyrimidin-2-yl] {2-[(5rritn>(2-|9ri<^ 
. HPLC: 17S min (>95% purity) 
MS: M+H = 430.8 (C^i^PNyfH = 430) 
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Example 177 . 

Preparation of r4-<4-lm>mo-2-ddo^ 

pyridyl))amiiio1ethvn amine 

ft 




5 [4-(4-bromo-2-c^ 

pyridyl))amino]ethyl}amine was prepared from 4-bromo-2-cb]orolbeaizoyl chloride using 
the general mdhod for [4-<2>4-dicMoropheayl)-^^ 
nitro(2-pyridyi))amino]ethyl} amine. 
HPLC: 21.5 min (>95% purity) 
10 MS: M+H = 515.2 (CjoH^rCINgQrfH - 515) 

Example 178 
Preparation of 64(2- (r4^4-biomo-2-cfaloi^^ 




1 5 6-[(2-{[4^4-bromo-2-chloioph^^ 

amino]pyridine^3-carbonitriIe was prepared from 4-bromo-2-dilorobenzoyl chloride and 2- 

chloro-5-(cyano)pyridine using die general method for [4^2,4-didiloroiAenyI)-5-imida2ol- 

2-ylpyrimidin-2-^ 

HPLC: 17.7 min (>95% purity) 
20 MS: M+H = 495 (CjjHieBrCINg-lfl = 495) 

Example 179 
Preparation of f4-frM>romo-2-chl(m)^ 

(trifluoiomethyI¥2-pTO^ 




25 [4^4-bnmio-2<ldorophe^)-5^ 

me*hylX2-pyTidyl)]amino}ethyl)amine was prepared from 4-biomo-2-chlorobenzoyl 
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chloride and 2^om-5^trifluorom^hyl)pyridiiie using the general method for [4-{2,4~ 
dichlorophenyl)-5-imidazol-2-y^^^ {2^(5-nitro(2-pyridyl))amino]ethyl} amine. 

HPLC: 19.7 min (>95% purity) 
MS: M+H = (C^HisBiCIFjNt+H = 538) 

Example 180 

Preparation of 4J2^f2 = [{6 : gmi^^ 

ytovrimidin-4-ylTbenzenecaihonitrile 

NC 

4-[2-( {2-[(6-amino-5-nitro(2-pyridyl))ainino]dhyl} amino>5-imidazol-2- 
10 ylpyrimidin^ylJb«^enecarboiutrile was prepared from 4-cyanobenzoyl chloride using 
the general method for {2-[(4-amino-5-nitro(2-pyridyl))am^ 
di(^orophCTyl)-5-imida7^1-2-ylpyrimidin-2-yl3amina 
HPLC: 20.0 min (>95% purity) 
MS: M+H = 443.1 (C^HigN^+H - 443) 

15 Example 181 

Preparation of (2-r(6-aminO'5-mtrD(2-pyridyl))amino1^hyl> {5-imidazol"2-yl-4>f4- 
(trifluoxomcthylbhePYllpyriinidin-2-vll amine 

H IP 

F F 

{2-[(6-aiiiino-5-iiitn>(2-pyridyl))amino]eihyl } {5-imidazol-2-yl-4-{4-<tciflTioro- 
20 methyl)phmyl)pyrimidii>-2-yl} amine was prepared from 4-{trifluoromethyl)beanzoyl 
chloride using the general method for {2-[(4-ammo-5^tro(2-pyridyl))amino]emyi}[4- 
(2,4Khchlorophenyl)-5-inuda2»l-2-yhpyrimidiD-2-yl] 
HPLC: 20.2 min (>95% purity) 
MS: M+H = 4862 (CaHigFjNjQr+H-^ 
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Example 182 
Preparation of {2-r(6-affiino-5^tro(2-pyri^ 

cr ^SjOz 

5 {2^(6-amino-5-nitro(2-pyri^ [4-{2,4-didilorophai)1)-5-(l -methyl- 

imidazol-2-yl)pyrimidii>-2-yl] amine was prepared from 1 ^-dimettylimidazole using the 
general method for {2-[(4-amino-5-mtro^~pyrid>d))ammo]eAyl} [4-<2,4-dichlorophenyl> 
5-imidazol-2~ylpyrimidin-2-yl]amine. 
HPLC: 19.6 min (>95% purity) 
10 MS: M+H = 500.2 (C21H19CI2N9O2+H =» 500) 

Example 183 

Preparation of f 2-f(6-amino-5~nitro(2-pyridYl))aniinolethyU T4-<2-chloit>phenyl V5- 
imidazol-2-ylpyrimidin-2-yl1amine 

15 {2-[(6-amino-5-mtro(2-pyri(iyl))aminoieihyl} [4^2-cWoropheaiyl)-5-imidazol-2-)4~ 

pyiimidin-2«yrjamine was prepared from 2-chlorobenzoyl chloride using the general 

method for {2H[(4-amino-5-nitn)(2-pyridyl))amm 

imidazol-2-ylpyrimidin-2-yl]amine. 

HPLC: 16.4 min (>95% purity) 
20 MS: M+H- 452.7 (QoHiaCIN^OrfH^ 452) 

. Example 184 
Preparation of {24(6-amino-5-nitroft^ 

5-imidazol-2-vteyrimidin-2-Yl1aniine . 

25 {2-[(6-amino-5-nitro(2-pyridyl))amino]e&^ 

imidazol-2-ylpyrimidin-2-yl] amine was prepared from 2-chloro-4-fluorobeazoyl chloride 
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using the general method for {2-[(4-amino-5-mtro@^^ 

didJorophenyl}-5-imidazol-2-^^ 

HPLC: 17 J min (>95% purity) 

MS: M+H = 470.2 (C^iTClFfyCfe+H = 470) 

Example 185 
Preparation of f2~f(6-amnH>S-nitro(2^yridvW 
(trifluoromethyflpheav^ 

5 




F 

{2-[(6-amino-5-nitro(2-pyridyl))ainino]^yl} {4-[4-fhum>-2-(trifluotomdh]1)- 
10 phenyl]-5-imidazol-2-ylpyrimidin-2-yi} amine was prepared from 4-fluoio-2- 
(trifluorometbyl)benzoyl chloride using the general method for {2-[(4-amino-5-nitro(2- 
p)ridyl))amino]e&yl}[4-(^^ 
HPLC: 18.4 min (>95% purity) 
MS: M+H = 504.3 (C21H17F4N9O2+H = 504) 

15 Example 186 

Preparation of f24(6-anMno-5-mtro(^^^ 

imida2ol»2-ylpvrimidin-2-yl1amine 




H2N »J N. 



{2^(6-ammo-5Hiitro(2-pyridyI))animo]et^ 
20 ylpyrirrudm-2-yl]amine was prepared from 4-chlorobenzoyi chloride using the general 
method . for {24(4-amirK>-5-nitro(2^^ 
itmdazo l-2-y^y riinidip- 2-yI] aniine L 
HPLC: 18.0 min (>95% purity) 
MS: M+H = 45Z2 (CjoHuCINsQrfH ■= 452) 



WO 02/20495 



-193- 



PCI7US01/42081 



Example 187 • 
Preparation of |2-f(6-amino-S-iiitmf2>pvridYl))amino1e^ 

S-imidazol-2-Ybvriipidin-2-yl1amine 

H N X5 V^^ 

5 {2-[(6-amino-5-nitro(2-pyridyl))amiiK)]eth 

urdda2ol-2-ylpyrimidu>2*yl]amm was prepared from 4-chloro-2-methyIbenzoyl chloride 
using the general method for {2^(4-amino-5-nitro(2-pyridyl))amino]e&yl 
dich]oropheayl>5-inridazol-2-ylpy^^ . 
HPLC: 18.7 min (>95% purity) 
10 MS: M+H = 466.1 (C21H20CIN9O2+H = 466) 

Example 188 
Preparation of (2^(6-amino-S-nitro(2-pvrifo^ 




T 

15 {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} [4^4-chloro-2-methoxyphenyl)-5- 

imidazol-2-ylpyrimidin-2-yl]amine was prepared from 4-chloro-2-methoxybenzoyl 
chloride using the general method for {2^(4-ammo-5-mto(2-pyridyl)) 
(2/*-dichlorophenyl)-5-hiuda^ 
HPLC: 17.8 min Q>95% purity) 

20 MS:M+H = 48Zl(QiHa<aN9Qj+H = 482) 

Example 189 
Preparation of (2-K6-amino-5^tio(2-p^ 

S-imida2oI"2-vteYrimidm-2-vl]ainine 

~ ~ r> 

H 

OjN^^ H cr 

25 {2^(6-amino-S-nitro(2-pyridyI))amino]ethyl}[4^4M±Ioro- 

imida2»l-2-ylpyrimidin-2-yl]amine was prepared from 4-bromo-2-chloroIbenzoyl chloride 
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using die general method for {2-[(4-amiiK>-5-nitio(2-pyridyl))amiDo]ethyi} [^-{2,4- 

dicMorophenyi)-5-imidazol-2-ylpyri^ 

HPLC: 19.4 min (>95% purity) 

MS: M+H = 530 (C^iTBiClNgC^+H = 530) 

Example 190 
Preparation of f2-Tf6-amino-5-nitro(2-pv^ 



methylimidazol-2-yl)pyiiinidm-2^ was prepared from 4-bromo-2-chloroIbenzoyl 

chloride and 2-amino-6-chlorx>-3^tropyridine using the general method for 6-[(2- {[^-{T^ 
dichlorophenyl)-S-(4HPe&^ 
carbomtrile. 

HPLC: 19.4 min (>95% purity) 

MS: M+H = 544.1 (C^HjpBiClN^+H = 544) 

Example 191 
Preparation of 64CMr4-f4-hromo-2-^ 

yilaminol ^yl)aminoteyridine^3>caibomtrile 



6-[(2-{[4^4-bromo-2-cMor^ 
yijamino} elhyl)amino]pyridine-3-carbonitrile was prepared from 4-bromo-2- 
chlorolbenzoyl chloride using the general method for 6-[(2- {[4-(2 > 4-<lichlort)phenyI)-5-(4- 
m^)dimidazol-2-yl)pyrimidin-2-yl]ammo} ediyi)amim]pyridme-3-<»rbomtrfle. 
HPLC: 1 8.7 min (>95% purity) 
MS: M+H = 509.1 (CiiHigBiONg+H = 509) 




{2-[(fr-amino-5-mtn>(2i>y^ 
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Example 192 

Preparation of (2-f(6-amino-S-ii^ 

M4-mefeyHmidaiffll-2-yl)pyri^ 




N Yf H 



a ^Soa 

5 {2^(6~amino-5-nitro(2^yri(^ 

mefeylimidazol-2-yi)pyrimidin-2^ was prepared from 4-fluon>-2-cUoiobenzoyl 
chloride and 2-amiiM>-6^oro-3-mtropyridme using fee general method for 6-[(2-{[4-(2,4- 
dicMorophenyl>5^4-mefeylimidazol-2-^^ 
carbonitrile. 
10 HPLC: 17.7 min (>95% purity) 

MS: M+H = 484J (QajH^ClFN^+H -484) 

Example 193 
Preparation of 64(2-(f442^on>^fhiorop^ 

yFlamino) efeYRaminoTpvridine-3-caibonitrile 




15 N 

6-[(2-{[4^2^on>^fluoropbenyl>5^4Hm^ 

4 amino} ethyi)ammo]pyridine-3-caibomtrile was prepared from 4-fluoro-2-chl orob eozoyl 

diloride using fee general method for 6^(2-{[4^2 ? 4^(Morophrayl)-5^4-mefeylim 

2«jd)pyrimidin-2-yl]aimno} efeyl)ammo]pyridine-3-caibomtrile. 

20 HPLC: 16.7 min £>95% purity) 

MS: Mfr H = 4493 (CaJHuCIFNg+H - 449) 

Example 194 
Preparation of r4-ft»4-dichlon)phenyl^^ 

nitro(2-pfyridyl))amino1efevl)ainine 



25 
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[4^2/*Hhchlorophenyi)-5-(4-^^ 
pyridyl))amino]eihyl} amine was prepared from 6-^on>3-nitropyridine using the general 
method for 6-[(2-{[4^,4^chloroph^yl)-5<4-methyIimid 
yl] amino } ethyl)amino]pyridine-3 -caibonitrile. 
5 HPIX::2L9 min (>95% purity) 

MS: M+H - 485.6 (C 21 H, 8 C1 2 N802+H = 485) 

Example 195 

Preparation of (2-r(6-aimno-5-mtn^ 

-fx 

N r ff h 

JUL H IJL 

{2^(6-anuno-5-nitro(2-py^^ 
imidazol-2-yl)pyrimidin-2-ylJamine was prepared from 2-amino-^chloro-3-nitropyndinc 
using die general method for 6HK2-{[4-(2,4-<Kcbloroph^ 
pyrimidin-2-yl]aiiiino} ^yl)amino]pyridin&-3-caibonitrile. 
15 HPLC: 19.8 min (>95% purity) 

MS: M+H » 500.2 (C 2 iH l 9Q 2 N 9 Q^H - 500) 

Example 196 
Preparation of r4-CM-djchlorophenyiV5^^ 

(trifluoram^^^-pYridvnia mfflnl^Y 1 )^^^ 
V 




20 

[4<2,4MlicMoi^heayl>5^^ 
methyl)(2-pyridyl)]amino} ethyl)araine was prepared from 2-chloro-5-(tnfluoitHnedjyl)- 
pyridine using the general method for 6-[(2~{[4^2,4kKcMoix>p1^ 
2-yl)pyrimid^2-yl]amino}edbiyI)amino]^yri(iin 
25 HPLC: 20.0 min (>95% purity) 

MS: M+H = 508.1 (C^isCliFaNT+H = 508) 
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Example 197 
Preparation of 442^(2-f(6^oroimnm^ 




N 

5 4-{2-( {2^(6-<±loropyrimidin^yl)ainino]ediyl^ amino)-5-imidazolylpyrimidii>4- 

yi]benzenecarbonitrile was prepared from 4,6^icMoropyrimidiae using the general method 
for 4-{5-imidazolyi-2-[(2-{[5^tri^ 
4-yl}benzenecarbonitxile. 
HPLC: 16.i min (>95% purity) 
10 MS: M+H - 418.1 (C20H16CIN9+H = 418) 

Example 198 
Preparation of 4-anuno-2-f(2-(r444-cvanophra^ 
yl1amiDo)ediyl)amiiioTpYri^ 




N 

IS 4-amijio-2-[(2~{[4-(4^anophen^ * 

amino]pyrimidm^5-caibonitrile was prepared from 4-amino-2-chloiopyrimidine-5- 
carbonitrile using the general method for 4- {5-imidazolyl-2-[(2- { [5-(trifluoromethyl)(2- 
pyridyl)]amino } ethyl)amino]pyrimidin-4-yl } benzenecarbonitrile. 
HPLC: 17.5 min (>95% purity) 

20 MS: M+H - 436.2 (C2iH 17 N u +H = 436) 

Example 199 
Preparation of f6-(2.4^cM<m)phenvlV5-(^ 

pyridyl))amino1ethvn amine 
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[6^2,4-di<MorDpheB^^ . 
pyridyl))aniino] ethyl} amine was prepared from 4-methyimidazole (the isomers were 
separated using a slica gel column) and 2-chloro-5-nitropyridine using the general method 
for {2-[(6-ammo-5-mtro(2-pyridyty^ 
pyridyl)]amine, 

HPLC: 22.8 min (>95% purity) 

MS: M+H - 484 2 (C22H19CI2N7O2+H - 484) 

Example 200 
Preparation of r^4^cldorophenvll5-(4-^^ 

(trifluoromefliYiy2-pYri(hd)1amino> ethyl)amine 




[6<2 > 4^dUorophenyl>«H4-mcAylin^ 
methylX2-pyridyl)]amino}ethyl)amine was prepared from 4-methyimidazole (the isomers 
were separated using a slica gel column) and 2-chloro-5^trifluoromefoyl)pyridme using 
file general method for • {2~f (6-amino-5-nitm(2-pyridyl))amino]ethyl} [6-{2,4- 
dicMoropheaiyl)~5-imidazolyl(2-pyridyl)] amine. 
HPLC: 21.0 min (>95% purity) 
MS: M+H = 507 (Ct^i^CItP^s^I = 507) 

Example 201 

Preparation of 1 ^2^2,4^chloraphenyl>6-({2-K^ 

pvridylThydropvridiD-2-one 

H2^2,4-dicM<m>ph^ 
pyridylJbydropyridin-2-one was prepared following the same procedures as the method for 
{2-[(6-amino-5-nitro(2-pyridy!))amim]efoyl} [6-(2,4-dichlorophenyI>5-imidazolyl(2- 
pyridyl)]amine with foe following exceptions. 1 -[2-{2,4-didilorophenyl)-2- 
oxoethyl]hydropyridiD-2-one was made by heating 2-hydroxypyridine with 2 equivalents 
of Hunig*s base in acetomtrQe until dissolved followed by addition of l-(2 > 4- 
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dichlorophoiyiy-2-diloroethan-l -one. Hie reaction was heated at 65 °C for 18 hours and . 
purified by slica gel column. Also, 2-chloro-5-nitropyridine was used for the final step. 
HPLC: X min (>95% purity) 
MS: M+H - X (C23H18Q2N6Q3+H = X) 

5 Example 202 

Preparation of H6-((24(6-ammo-5-mtroQ^^ 

didilorophenyiV3-PYridylThydropvridin--2-one 




1 -[6^{2^(6-amino~5-nitro(2-pyridyl))amino] ethyl } ainino)-2-{2,4-didilorophenyl}- 
10 3-pyridyI]hydn>pyridin-2-one was prepared following the same procedures as the method 
for {2-[(6-amiiH>-5-iutro(2-pyridyl)) 

pyridyl)]amine with the following exceptions. 1 -[2-{2,4-<Udilorophenyl)-2- 
oxoethyl]hydropyridin-2-one was made by heating 2-hydroxypyridine with 2 equivalents 
of Hunig's base in acetomtrile until dissolved followed by addition of l-(2,4- 
15 diddon)phenyl>2-ddon>ethan-l-one. Hie reaction was heated at 65 °C for 18 hours and 
purified by slica gel column. 
HPLC: X min (>95% purity) 
MS: M+H = X (QBH19CI2N7OJ+H - X) 

Example 203 

20 Preparation of6jX2bi[6^^ 

pyridvl1amiiM)|ethvl)aminotoyri 




6-[(2-{[6^2,4Hhchlorophenyl^^ 
amino]pyridine-3-caibomtrile was prepared following the same procedures as the method 
25 for {2^(6-amino-5-nit^ 

pyridyi)]amine with the following exceptions. l-[2-(2,4-dicMon>phenyl)-2- 
oxoethjd]hydropyridin-2-one was made by heating 2-hydroxypyridine with 2 equivalents 
of Hunig's base in acetomtrile until dissolved followed by addition of l-<2,4- 
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dicMorophenyl)-2-chloioethan-l -one. The reaction was heated at 65 °C for 18 hours and 
purified by slica gel column. Also, 2-chloro-5rcyanopyridine was used for the final step. 
HPLC: X min (>95% purity) 
MS: M+H = X (CwHxgaiN^H = X) 

Example 204 
Preparation of ethyl 6^{2-r(5^tro(2-pyri(M))am 
phenylpyridine-3-carfaoxylate 




i] 

ethyl . 6^{2^(5-nitro(2-pyridyl))amino]etiiyl} amino)-2-pheayipyridiiie-3- 

10 carboxyiate was prepared from ethyl 3-oxo-3-phenylpropanoate as the starting material and 
DDQ in the oxidation step. Hie final product is achieved directly from the chloropyridine 
by reacting ethyl 6-<±Joro-2-phenylpyridine-3-caiboxylate with 2^2-aminoethylamine)-5- 
nitropyridine in CH3CN and Huing's base at 80°C for 18 hours. The procedures are 
analogous to the general method for {2-[(6-amino-5-nitro(2^yridyl))amino]etiiyl} [6-(2,4- 
1 5 dichlorophenyl)-5-imidazolyl(2-pyridyI)]amm 
HPLC: 24.5 min (>95% purity) 
MS: NB-H - 408.1 (C21H21N5O4+H - 408.1) 

Example 205 

Preparation of ethyl 2-(Z4-didiloiophenyl>^(2-f(5>nitrD(2- 
20 pyridyiy)aminoletbyUamino)pyri^ 




or ^ "ci 

Ethyl 2-{2,4-<HcMoToplienyl)-6-< {2-[(5-nitro(2-pyridyl))amino]ethyl} amino)- 
pyridine-3-carboxylate was prepared from ethyl 3-(2,4-<fichlorophenyl)-3-oxopropanoate 
(ret Wemple, J.; el aL Synthesis 1993, 290-292.) as the starting material and THF/ethanol 
25 ratio of 3:1 as the solvent in the first step. The oxidation uses DDQ. The final product is 
achieved directly from the chloropyridine by reacting ethyl 6-chlozo-2-phe^lpyridine-3- 
caxboxylate with 2^2-aminoeth>damine>5-mtropyridiiie in CH3CN and Humg*s Huing's 
base at 120 °C for 18 hours. The procedures are analogous to the general method for {2- 
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[(6-amiiio-5-mtro(2^ 

pyridyl)]amine. 

HPLC: 31 min (>95% purity) 

MS: M+H = 476.1 (C^HipQzNsO^+H = 476) 

Example 206 

Preparation of ethyl 2-(4-cyanophenylV6-( ( 2-ff 5-nitrp(2- 
pyridylflaminoleftivU anuno)pvridine-3-carboxylate 



■fL 




xx 



N - W N0 2 
ethyl 2^4Kya«>ph£ayI^ 
10 caiboxylate (62258) was prepared from ethyl 3-<4-cyanophenyl>3-oxopropanoate (ref 
Wemple, J.; et aL Synthesis 1993, 290-292.) as the starting material and THF/ethanol ratio 
of 1:5 as the solvent in the first step. He oxidation uses DDQ in toluene. Hie final 
product is achieved directly from die chloropyridine by reacting ethyl 6-chloro-2- 
pheaylpyridine-3-caiboxylate with 2^2-aminoethylamine)-5~nitropyridine in DMA and 
15 Huing's base at 120 °C for 18 hours. The procedures are analogous to the general method 
for {2^(6-amino-5-nitro(2^ 
pyridyl)]amine. 

HPLC: 26.8 min (>95% purity) 

MS: M+H - 433.1 (Cy%^kOr+H = 433) 

20 Example 207 

Preparation of 4~r3-iimdazol\i^f2-r(5-mt^ 

pyridylTbenzenecarbonitrile 




4-[3-imidazolyl^{2^^ 
25 carbonitrile was prepared from 4-cyanophenacyi bromide, CAN for the oxidation (1:1 
acetic acid and water with heating at 80°C for 1 hour), and 2-cMoro-5-mtropyridine using 
the general method for {2-[(6-amino-5^tro(2-pyridyl))amino]^iyl} [6<2,4- 
diddorc^hm)d)-5-imidazolyl(2^yridyl)]amine. 
HPLC: 19.5 min (>95% purity) 
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MS: M+H = 427.2 (CyHjgNgQi+H = 427) 

Example 208 

Preparation of ethyl 6^(24(5-nitro(2-pyridyl))amino1efo^ 
(trifluorome&yltohenylTpyridm^ 




H 

5 F 
ethyl H{2-[(5^tro(2-pyri^ 

pyridine-3-caiboxylate was prepared from ethyl 3-oxo-3[4- 

(trifluoromelhyl)phaiyl]propaiioate (re£ Wemple, J.; et aL Synthesis 1993, 290-292.) as 

the starting material. The oxidation was accomplished using 4 equivalents of 

10 chlorotrimethysilane and 1 equivalent of bromine in dichlonnethane* The product was 

obtained directly from ethyl 6KUoro-2-{4-(trifluoiometh^ 

by reacting it with 2-(2-aminoethylamine>-5-nitropyridme in DMA and Hunig's base at 70 
°C for 72 hours. These procedures are analogous to the general method for {2-[(6-amino 
5-mtro(2-pyridyI))aniira^ 
15 HPLC: 30.4 min(>95% purity) 

MS: M4H == 476^ (C22H20F3N5O4+H 476) 

Example 209 

Preparation of 6^f 24(S-nitit)(2-pyri(M)>amino1ethyn aminoV-2-f4- 

(trifhiott>mrfr^)phen^Tpyridine-3H»rboxylic acid 
0 

20 r F 

6-( {2-[(5-nitro(2-pyridyl))amino]eaiyl} amiii6>-2-[4-(trifluoromethyl)phenyl)- 
pyridme-3-caiboxylic acid was made by hydrolyzing ethyl 6^{2-[(5-nitro(2-p)Tidyl)> 
anrino]ethyi}amino)-2-[4<^ (71477) which 

was made following the general method for {2-[(6-annno-5-nitn>(2- 

25 pyridyl))amino]ethyl} [6<2,4^dJoroph^)-5-imidazoI^(2i>yridy0]an^ Hie 
hydrolyze was carried out using a solution of 1 : 1 water and concentrated hydrochloric acid 
and heating to 80 °C overnight 
HPLC: 24.0 min (>95% purity) 
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MS: M+H = 448.1 (C^HiaFsNjO^H = 448) 

Example 210 

Preparation of 2^2,4^dhlorophenylV6-( ( 2-f (5-nitro(2- 

pyridylDaminolethyi) amino)pvridine-3-caiboxylic acid 
O 



5 . 




2^2,4KficMoropheoyl)^{2-[(5-mtro(2-pyridyl^^ 
caiboxylic acid was made by hydrolyzing ethyl 2-(2,4-didiloxophenyl>6-{ {2-[(5~nitro(2- 
pyridyi))amino]ethyl} amino)pyridino-3-caiboxyiate (62257) which was made following 
the general method for {2-[(6-amino-5Hodtr^ [6~(2,4- 
10 dichloroph^yl)-5-imidazolyl(2-pyridyl)]amina Hie hydrolize was earned out usine a 
solution of 1 :1 water and concentrated hydrochloric acid and heating to 80 °C overnight 
HPLC: 23.6 min (>95% purity) 
MS: M+H = 448.1 (CiAsGUfcOft-H = 448) 

Example 211 

15 Preparation of r6^Z4^cMorophenyll5-M^ 



pyri(M))amino1ethyl| amine 




[6^2^chlon>phenyl>5^ 
ethyl} amine was prepared from 2-chloro-5-(nitro)pyridine using the general method for 
20 {2{(6-amino-5-ni^ 
pyridyl)]amine. 

HPLC: 22.9 min (>95% purity) 

MS: M+H = 470.1 (C^Hj^NtQi+H = 470) 
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Example 212 

Preparation of 6-r(2-{f6^2 < 4^chlorophmylV5-imidazolvl-2> 
pyridyllamino) etfaYl)amiiK)]pyridine-3-carfaonitrile 




5 6-[(2-{[6^2,4HKchlorophenyi)-^ 

pyridine-3-caibonitrile was prepared from 2-chlon>pyridine-5^ibonitrile using the 
general method for {2-[(6-amiiK>-5-mtro(2^^ 
5-imidazolyl(2-pyridyl)]amme. 
HPLC: 18.8 min (>95% purity) 
10 MS: M+H - 450 (C^tCWNt+H - 450) 

Example 213 
Preparation of f24(6-aminf>-5-mtro(2HEyrifo^ 

m^vHmida7jnlvl)(2-pyridyl)1amine 




15 {2HK6Hmm^ 

imidazolyl)(2-pyridyl)]amine was prepared from 4-methyimidazole (the isomers were 

separated using a slica gel column) using the general method for {2^(6-amino-5-nitn>(2- 

pyridyl))amino]ethyi} [6<2,4^chlorophenyl)-5-imi<^ 

HPLC: 2L5 min (>95% purity) 
20 MS:M4^H = 499J(QdH 2 oCa 2 N8Q^H=499) 

Example 214 
Preparation of 6~r(2-(r6^2,4^chlorophen^ 

pyridyiTaminol ediyl)amino1pyridine*3-caibomtrile 
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64(2-{[6^2,4^diloxoph^ 
amiiK)]pyridine-3-caxbonitrile was prepared from 4-mefcyimidazole (The isomers were 
separated using a sfica gel column.) and 2-<Woropyridine-5-caibonitrile using the general 
method for {2-[(6-amino-5-nitro(2-pyridyl))amino]e& 
S mndazolyi(2-pyridyl)]anune. 
HPLC: 20.7 min (>95% purity) 
MS: M+H - 4642 (C23Hi 9 aiNr^H - 464) 

Example 215 

Preparation of {2~r(6-^inin(>-5-niti^2-pvridy1))amino1efevU f6^2»4Hiichlon)phenYiy5- 
10 itnidazol-2-yi(2-pvridvl)1aniine 

a. 




H 

{2-[(6-amino-5-iiitro(2^yri^^ 
2-yl(2-pyridyl)]amine was prepared from (2-anunoethyl)(6-amirK>^ 

using the general method for [6^2,4^chlorophenyl)-5-nnida2X)l-2-yl(2-pyridyl)]{2*[(5- 
15 nitn>(2-pyridyl))amino]ethyl}amine. 
HPLC: 20.1 min (>95% purity) 
MS: M+H = 485.4 (QiHigCfeNsO^H = 485) 

Example 216 

Preparation of r6^4^<^cm>phegylV5-imida2ol»2-vlC-pvri 
20 (trifluortnnethyl)(2-pvridyl)1amiDo) ethyflamine 

/=\ 




HN v^ N A/ 

H 

[6<2,4^(Morophenyl>5-i^^ 
pyridyl)]amino} ethyi)amine was prepared from (2-aminoethyl)[5-(trifhioromethyl)(2- 
pyridyl)]amine using Hie general method for [6^2,4-didilorophenyl>5-imidazol-2-yl(2- 
25 pyridyl)]{2-[(5Hritro(2-pyridyl))aniino]efl»yl}amin& 
HPLC: 203 min (>95% purity) 
MS: M+H = 4933 (CzzH^jFjN^fH = 493) 
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Example 217 . 
Preparation of 64(2- (r642,4^chl(m>^ 
. pyridynamino} etfiYl)mffl^ 
f=\ 




H 

5 6-[(2-{[6-(2,4^cMorophenyl>5-^ 

pyridine-3-carbonitrfle was prepared from 6-[(2-aminoeihyl)aimno]pyridin^ 
using fee general method for [6-(2,4-diciriorophenyl^ 
nitro(2^yridyl))amiiio]^hyl}anime. 
HPLC: 18.9 min £>95% purity) 
10 MS: M+H = 450.4 (C^HitOjNt+H = 450) 

Example 21 8 

Preparation of l-(2,4-IM(^orophaJvn-2-pyra2oMettian-l-oDe 




Q 



To a solution of 2',4'-dichlorophenacyl chloride (2.0 g, 8.9 mmol) and dry MeCN 
15 (50 mL) at 23 °C was added pyrazole (3.1 g, 44.8 mmol). The resulting solution was 
heated at 80 °C for 5 h then cooled to 23 °C The MeCN was removed under reduced 
pressure and CH2C12 (50 mL) was added. The resulting solution was washed with H20 (2 
x 15 mL) and fee organic layer was dried (Na2S04) and concentrated under reduced 
pressure. The resulting residue was purified on silica gel (40% EtOAc/hexanes) to yield a 
20 light yellow solid. 
m/z256(Mff+) 

Example 219 
Preparation of l-(2«4-IXcbloropheaylV2-^^ 




WO 02/20495 



•207- 



Made using the same procedure as for 1 ^2/Wdchlorophenyl)-2-pyrazolylethan- 1 - 
one except that 4-methylimidazole (3.7 g, 44.8 mmol) was used in place of pyrazole. The 
crude residue was purified on silica gel (5% MeOH/CH2C12) to yield a light yellow solid 
m/z270(MH+). 

Example 220 

Preparation oflJl&EidA^^ 



ci 




Made using the same procedure as far 1 -{2 > 4-dichlorophraiyl)-2-pyrazolylethan- 1 - 
one except that 2,4--dimethylimidazole (43 g, 44.8 mmol) was used in place of pyrazole. 
The crude residue was purified on silica gel (5% MeOH/CH2C12) to yield a light yellow 
solid 

m/z284(MH+) 

Example 221 

Preparation of l-r2^4-DicMoroph^lV2^xoethylThydropyridin-2K)ne 



CI 




O 



To a solution of 2*,4 , -didblorophenacyl chloride (1.0 g, 4.5 mmol) and dry MeCN 
(20 mL) at 23 °C was added polystyrene^bound 1 A7-triazaWcyclo[4A0]deo-5-a>e (2.6 g» 
6.7 mmol) and 2-hydroxypyridine (428 mg, 4.5 mmol) and the resulting mixture was 
shaken at 23 °C for 20 h. The mixture was filtered and die resin was washed wife MeCN 
(10 mL). The MeCN was removed under reduced pressure and the resulting residue was 
purified on silica gel (5% MeOH/CH2Cl2) to yield a light yellow solid 
m/z283(MH+) 



Example 222 

Preparation of 2>Ben2imidazolyl-W2,4^dMoropheayl)ethan-l-one 
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Made using the same procedure as for 1 -(2,4-dichlorophenyl)-2-pyrazolyleaian- 1 - 
one except that bcaizimidazole (5.3 g, 44.8 mmol) was used in place of pyrazole. The 
crude residue was purified on silica gel (50% EtOAc/hexanes) to yield a light yellow solid 
m/z306(MH+) 

5 Example 223 

Preparation of H2,4-DicMorophmylV2^2-mdhvlimidazolyl)ethan-l-one 




' Made using the same procedure as for 1 ^2 > 4^cUorophenyl>-2-pyrazolylethan-l - 
one except that 2-methylimidazole (3.7 g> 44.8 mmol) was used in place of pyrazole. The 
1 0 crude residue was purified on silica gel (5% MeOH/GH2C32) to yield a light yellow solid 
m/z270(MH+) 

Example 224 

Preparation of 1 ^,4-DicMoK)ph^l)-2^4-phmYlimidazolyl)eth^ 1 -one 

15 Made using the same procedure as for 1 -(2,4-dichlorophenyI)-2-pyrazolyl ethan- 1 - 

one except that 4-pheayUmidazole (6.5 g, 44.8 mmol) was used in place of pyrazole. The 
crude residue was purified on silica gel (50% EtOAc/hexanes) to yield a light yellow solid. 
m/z332(MH+) 

Example 225 

20 . Preparation of 1^2.4>Pi(MomtAenylV2>imidazolyl^iap-l-one 

a 



Made using the same procedure as for 1 ^2,4^cUorophaiyl)-2-pyrazolylethan-- 1 - 
one except that imidazole (3.1 g, 44.8 mmol) was used in place of pyrazole. The crude 
residue was purified on silica gel (5% MeOH/CH2C12) to yield a light yellow solid. 
25 m/z256(MH+) 
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Example 226 

Preparation of Ij2^2^-Dicjjto^ 

a 




O 

Made using the same procedure as for l-[2-(2,4-didilorophenyl>2- 
5 oxoethylJhydropyridin-2-one except that 5-chloro-2-bydroxypyridine (583 mg, 4.5 mmol) 
was used in place of 2-hydroxypyridine. The crude residue was purified on silica gel (5% . 
MeOH/CH2C12) to yield a light yellow solid. 
m/z317(MH+) 

Example 227 

10 Preparation of 1 ^2,4-PicMoirohenyl>3^dm 




A solution of H2,4Hfic^on)phQiyl>2-pyrazolylethan-l-K)ne (I, 1.0 g, 3.9 mmol) 
and dimethylformamidedimethyl acetal (10 mL, 75 mmol) was heated at 100 °C for 2 h. 
The resulting red-brown solution was concentrated under reduced pressure to yield a dark 
15. red-brown oil which was used without further purification. 
m/z311(MH+) 

Example 228 

EE^Sltionofl^^ 

en-l-one 




20 Me 

Made using the same procedure as for 1^2,4^cMoiophenyl)-3^dim^ylamiiio)-2-- 
pyrazolyIprop-2-en-l-one except that l-{2,4^diloroiAeayl>-2K4Hnethyliimda2X)lyI)^^ 
l-one(H 1.0 g, 3.7 mmol) was used. The crude residue was used without purification. 
m/z325(MH+) 
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Example 229 
Preparation of 1 ^4-DicMorophenyiyMdm 

prop-2-en-l -one 

Me 

Made using the same procedure as for H2,4^cMoropheayi)-3^dimediylainino)-2- 
pyrazolyIprop«.2-en-l -one except that l-(2,4-didiloroph«iyl)-2-(2,4- 

(limethylimidazole)ethan-l -one (in, 1.0 g, 3.5 nunol) was used. Hie crude residue was 
used without purification 
m/z339(MH+) 

Example 230 
Preparation of H2,4-DichlorophenylV3^dimettw^ 

en-l-one 

a 




A solution of l-[2^2 > 4^(Woropheny^2K)xoefliyl]hydropyridin-2H)ne (IV, L0 g, 
3.5 mmol), dry THF (25 mL) and dimethyiformamidedimethyl acetal (10 mL, 75 mmol) 
was heated at 75 °C for Z5 h. The resulting dark solution was concentrated under reduced 
pressure and the oily residue was used wi&out purification. 
m/z338(MH+) 

Example 231 
Preparation of 2-Benzmudazolyi-H2»4^^ 
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Made using the same procedure as for l-(2,4-dicbl<m>pheayl)-3-(dimeaiylainino)-2^ 
pyrazolylprop-2-en-l-one except thai 2-benzimidazolyl-l -(2,4-<Hdilorophenyl)ethai>-l -one 
(V, 1.0 g, 3.3 mmol) was used The crude residue was used without purification. 
m/z361(MH+) 

Example 232 

Preparation of 1 ^2,4-DicMorophenyl)-3-(d^ 

ea-l-one 
CI 




Made using the same procedure as for l-(2,4-diddomphenyl)-3-(dimefhylam]no>-2- 
10 pyrazolyIprop-2-en-l -one except that 1 ^2,4^c^oix>phenyl)-2^2^ethylim 

1-one (VI, 1.0 g, 3.7 mmol) was used. The crude residue was used without purification. 
m/z325(MH+) 

Example 233 
Preparation of 1 ^2»44)i(^on)phenylV3-(dime^ 

15 




Made using the same procedure ad for l-^4-dichlorophenyl)-3-(dimefliylamino)-2- 
(2-oxohydropyridyl)prop-2-en- 1-one except that l-(2 > 4-dicUorophenyl)-2-(4^)h«i^- 
imidazoryl)ethanrl-one (VII, 1.0 g, 3.0 mmol) was used. The crude residue was used 
20 without purification. 
m/z387(MH+) 
MS: 
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Example 234 

Preparation of H2«4-DicMon)phegviy3^dime^ 




Made using the same procedure as for 1 -(2,4-dicUorophenyl)-3 -{dimethyiamino)-2- 
5 (2-oxohydropyridyl)prop-2-en- 1 -one except that 1 -{2 > 4-dicMorophenyl}-2- 
imidazolylethan- 1 -one (VIE, 1.0 g, 3.9 xnmol) was used The crude residue was used 
without purification* 
m/z311(MH+) 

Example 235 

10 Preparation of 1 - |2-(2,4-DichIon)phenyiy 1 4(dim^vlaminoVmethvIaiel-2-oxoeth>d| -5- 

chlorohycfropyridin-2-one 



a 




Me 

Made using the same procedure as for l-(2,4-dichlorophenyl)-3-(dim^ylamino)-2- 
(2-oxohydropyridyl)prop-2-en- 1 -one except that 1 -[2-(2,4-dichloiopheny])-2-oxoethyl3-5- 
15 chlorohydropyridin-2-one (DC, 1.0 g, 3J2 mmol) was used. The crude residue was used 
without purification. 
m/z372(MH+) 

Example 236 

Preparation of f4-(2,4-DicMon)pheBYi>5-PY^ {2-r(5-nitn>(2- 
20 pyri(M))ammoTethyl) amine (^hydrochloride 



H N - 
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To a solution of l-{2,4^chloroph€myl)-3-{dime 
1-one (X, 400 mg, 1 J mmol) and EtOH (10 mL) at 23 °C was added amino {2-[(5-nhro(2- 
pyridyl))amino]e&yl}-carboxamidine hydrochloride (365 mg, L4 mmol) followed by 
NaOEt in EtOH (1.6 mL, 1.6 mmol) and the resulting solution was heated at 90 °C for 16 
5 h. The EtOH was removed under reduced pressure and the resulting residue was purified 
on silica gel (1-5% Me0H/CH2O2) to yield a yellow solid which was dissolved in 
MeGN/O^M HQ (3 mL, 1:1), frozen and lyophilized to yield a yellow solid. 
m/z472(MH+) 

Example 237 
10 Preparation of r4^2.4-DicMoropheny^ 

mtro(2-pvridYl))amino1^vl>amine djhydrocfaloride 




OztT 

Made using the same procedure as for [4-(2,4-dichlorophenyi)-5- 
pyrazoIylpyrimidin-2-yi] {2^(5-nitro(2-pyridyl))amino]ethyl} amine dihydrochloride 
15 except that 1 ^2,4^cWorophenyl)-3-(dimeihyla^^ 
one (JQ, 421 mg, 13 mmol) was used 
m/z486(MH+) 

Example 238 
Preparation of f4-(2.4-Dicblorophen^ 
20 mtro(2-pvridvn)aimno1efliYl>amine dihvdrochloride 




Made using the same procedure as for XIX except that l-(2,4-dichlorophenyi)-3- 
(dimethylamino>2^2/VKlim 1 -one (XII, 439 mg, 13 mmol) 



was used 
25 m/z500(MH+) 
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Example 239 . 

Preparation of l-f4-(2.4-DiAloiDphaiylV2-( (2-r(S-Ditro(2'pyridyl))amino1ethYl} ^ino>- 
pyrinddiiHS-YlThydropvridiD'2-oae hydrochloride 



a 




Made using the same procedure as for [4^2,4-tf chlorophenyi)-5- 
pyrazolylpyrimidin-2-yl] {2-[(5-nitio(2-pyridyl))amino]^yl}amine dihydiochloride 
except that H2,4HKchIor6phenyl)-3^dimefliylanm 

one (438 mg, 13 mmol) was used and the erode product was purified by recrystallization 

(CH2O2/Et20/hexanes) 

m/z499(MH+) 

Example 240 

. Preparation of [Sjjenzin^ {2-r(5-mtro(2- 
pyridyl))amino1elhyUamine dihydrochloride 

a 




Made using the same procedure as for [4-<2,4-dichlorophenyi)-5- 
pyxazolylpyrnnidin-2-yl] {2-[(SHD0tJX>(2-pyri^l))amino]ediyl}8mine dihydrodiloride 
except that 24>enzimdazolyM^2 7 4^ 

(XTV, 468 mg, 1.3 mmol) was used and die erode product was purified by recrystallization 

(CH2Cl2/Et20/hexanes). 

m/z522(MH+) 
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Example 241 
Preparation of T4-(2>-IXcMQrophenylVM 

Ditro(2-pYridvl))ammo1eQivl)amine dihydrochloride 




a" 



O2H 

5 Made using the same procedure as for [4-(2,4-dichlorophjHiyI)-5- 

pyrazolylpyrinridiii-2^ dihydrochloride 
except that H2,4^cMoropheayl>^^ 
one (XV, 42 1 mg> 1 3 mmol) was used. 
m/z486(MH+) 

10 Example 242 

Preparation of ( (6-Amino-S-nitro(2-pyridvl))amino1^iyl) T4-(2,4-didilon)phenylVS-(2- 
mdhylimida2olyl)pvriniidin-2-yl1apiine dihydrochloride 




Made using the same procedure as for [4-(2,4-dichlorophenyl)-5- 
IS pyrazolyipyrinudin-2-yl]^^ dihydrochloride 
except that 1 -(2,4-dicMorophenyi)^ 1 - 

one (XV, 421 mg, 13 mmol) and amino{2-[(6-amiiK>-5-iiitn)(2- 
pyridyI))ainino]ethyl}caibox^ mg, 1.4 mmol) were used. 

m/z501(MH+) 



\ 

) 

( 
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10 



15 



20 



Example 243 

Preparation of {2-f(6-Amino-5-mto 

pheavlimidazolyl)pyriittidin^^ dihydrochloride 




Made using the same procedure as for [4-{2,4-dichlorophenyl)-5~ 
pyrazolylpyrimidin-2-yl] {2-[(5-nitro{2^yridyl))amino]^hyl} amine ' dihydrochloride 
except that l-<2,4-dichloropheayl)-3-(d^^ 

one (S02 mg, 1 3 mmol) and amino {2^(6-amino-5-nitro(2-pyridyl))amino]- 
ethyl} caiboxamidine hydrochloride (386 mg, 1.4 mmol) were used and the crude -product 
was purified on silica gel (5% MeOH/CH 2 Clz) 
m/z563(MH+) 

Example 244 

Preparation of f2J(6 : Amjnj>j^ 

(2,4^hmethylimidazolyl)pvrimidin^ dihydrochloride 




Made using the same procedure as for [4-<2 > 4-dicMorophenyi)-5- 
pyrazolylpyrimidin-2-yl] {2-[(5^tro(2-pyridyl))amino]dhyl}amine dihydrochloride 
except that H2,4^cMorophenyi)-3^dim 

en-l-ane (439 mg, 1.3 mmol) and amino {2-[(6-amino-5-nitro(2- 
pyridyl))amino]ethyl } carboxamidine hydrochloride (386 mg, 1.4 mmol) were used and the 
erode product was purified by reversed-phase HPLC (gradient of 95:5 H 2 0:MeCN to 5:95 
HaOrMeCN). 
m/z515(MH+) 
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Example 245 

Preparation of Polymer-bound N-BOOethyleaedjamrpe 
HN ^N/NHBOC 
i 

Polymer . 

To a suspension of Merrifidd resin (30 g, 21 mmol) and NMP (200 mL) was added 
5 4-hydroxy-2-methoxyb«izalddyde (6.4 g, 42 mmol) and K2CO3 (8.7 g, 63 mmol). Hie 
resulting mixture was heated at 120 °C with shaking for 16 h. The resulting light brown 
mixture was filtered and the resin was washed with H 2 0, NMP and CH2CI2. The resin was 
dried under vacuum at 40 °C for 12 h. 

To a suspension of the resin-bound aldehyde (30 g, 21 mmol) and (MeOfeCH (200 
10 mL) was added N-BOC-ethylenediamine (6.7 mL, 42 mmol). The resulting mixture was 
shaken at 23 °C for 12 h, filtered and washed with CH2Q2. The resin-bound imine was 
used immediately, slightly moist with GH2O2. 

To a suspension of the resin-bound imine (30 g, 21 mmol) and 
MeOH/CHiCIi/HOAc (2(K) mL, 22:1) was added borane-pyridine complex (6.8 mL, 67 
15 mmol). The resulting mixture was shaken at 23 °C for 12 h, filtered and washed with NMP 
and CH 2 C3 2 . The resin was dried under vacuum at 30 °C for 12 h to yield polymer-bound 
N-BOO^hylenediamine. 

Example 246 

Preparation of Polymer-bound (2aminoethvlX5-nitro(2-pyridyl))amine 

OzN^ ^ ^ " ^' 



.NH2 



1 

20 Polymer 

To a suspension of polymer-bound N-BOC-efoylenediamine (30 g, 21 mmol), NMP 

(200 mL) and iPr 2 NEt (183 mL, 105 mmol) at 23 °C was added 2-chlojx>-5-nitn)pyridine 

(16.6 g, 105 mmol). The resulting mixture was heated at 120 °C wifii shaking for 12 h, 

filtered and washed wife NMP, H2O and CH2CI2. 
25 To fee resin-bound, N-BOC-protected amine was added a solution of 2,6-htidine 

and CH2CI2 (100 mL, 150 mmolX followed by a solution of TMSOTf and CH^d 2 (100 

mL, 100 mmol). The resulting mixture was shaken at 23 °C for 3 h, filtered and washed 

wife MeOH, Et3N and CH2O2- The resin was air dried to yield polymer-bound 

(2aminoefeylX5-nitro(2-pyridyl))amine. 
30 The air dried resin (10 mg) was suspended in 80% TFA/CH2C12 (1 mL) for 1 h, 

filtered, washed with CH2CI2 (1 mL) and concentrated under a stream of air to yield alight 

yellow residue. 

m/zl83(MH+) 
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Example 247 

Preparation of Polymer-bound (2-f(S-mtro(2-pyridyl))amiDol^i>1K(2- 
nitrophenyflsulfonyllamine 



Polymer °* NO2 

5 To a suspension of resin-bound (2aminoefliyl)(5-nitn)(2^yridyl))amm (30 g, 21 

mmol), CH2CI2 (250 mL) and iPr2NEt (18.3 mL> 105 mmol) at 23 °C was added 2- 
nitrobenzenesulfonyl chloride (233 g, 105 mmol). The resulting mixture was shaken at 23 
°C for 6 h, filtered, washed with NMP, H2O and CH2Q2 and air dried to yield polymer- 
bound {2-{(5-nitro(2-pyridyl))a^ 
10 The air dried resin (10 mg) was suspended in 80% TFA/CH2CI2 (1 mL) for 1 h, 

filtered, washed with CH2CI2 (1 mL) and concentrated under a stream of air to yield a light 
yellow residue. 
m/z 368(MH+) 

Example 248 

15 Preparation of Polymer-bound f2^dimefliylamino)ediYl1l2-rf5-nitro(2- 

pyridyl))amino1ediYl) r(2-njtn>phenyf)sulfonyl1amine 

NMez 



Polymer ^ NO* 

To a solution of Ph3P (11 & 42 mmol) and CH2CI2 (20 mL) at 23 °C was added 
DIAD (6.6 mL, 42 mmol) and the resulting yellow solution was maintained at 23 °C for 30 

20 min. To this solution was added 2^dimetbylamino>ethanol (4,2 mL, 42 mmol) and the 
resulting solution was maintained at 23 °C for 5 min. then added to a suspension of resin- 
bound {2-t(5-nitro(2-p)Tidyl))amino]ethyl} [(2-nitrophenyl)sulfbn>^]amine (3.0 g, 2.1 
mmol) and CH2C32 (30 mL). The resulting mixture was shaken at 23 °C for 12h, filtered, 
washed with NMP, H20 and CH2C12 and air dried to yield polymer-bound [2- 

25 (dime%lamino)^hyl] {2-[(5^^(2-pyrid>d))amino]ethyl} [<p^utrophrayi)sulfonyl]aniine. 

The air dried resin (10 mg) was suspended in 80% TFA/CH2CI2 (1 mL) for 1 h, 
filtered, washed with CH2CI2 0 mL) and concentrated under a stream of air to yield a light 
yellow residue 
m/z 439(Mfff) 
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Example 249 

Prcparatioii of Polymer-bound dimethyir2-( {2-f(5-nitn)(2- 
PYridyl))amiDo1etfayi ) amino)ethvl1amine 

NM82 

°*r\ s ■ 



Polymer 

5 To a suspension of resin-bound [2-(dimethyla2iiino)e^ 

amino]ethyl}[(2-nitrophei^l)sulfbnyl]aniine (3.0 g, 2.1 mmol) and DMP (30 mL) at 23 °C 
was added H2O (2 drops), K2CO3 (2.9 g, 21 xnmol) and PhSH {22 mL, 21 mmol). The 
resulting mixture was shaken at 23 °C for 12 h, filtered, washed with NMP, H2O and 
CH2CI2 and air dried to yield polymer-bound dimefliyI[2-({2-[(^nitio(2-pyri<iyi))amino> 
10 ethyl}amino)ethyl]amine. 

The air dried resin (10 mg) was suspended in 80% TFAJCH2&2 (1 mL) for 1 h, 
filtered, washed with CH2CI2 (1 mL) and concentrated under a stream of air to yield a light 
yellow residue, 
m/z 254 (MH+) 

15 Example 250 

Preparation of Polymer-bound aminor2^dimethvlamino)ethyl1 (2-f(5-nitn>f2- 

pyrid^))amiiH)1efliyl>caiboxamidme hydrochloride 

NMez 



Polymer Nl-fe 



N^-NH 



To a suspension of polymer-bound dim^yi[2-({2-[(5-nitro(2^yridyl))amino]- 
20 ethyl}amino)ethyl]amine (3.0 g, 2.1 mmol), NMP (30 mL) and iPriNEt (3.7 mL, 21 mmol) 

at 23 °C was added 1/T-pyrazole-l-caiboxamidme hydrochloride (3.1 g, 21 mmol). The 

resulting mixture was heated at 90 °C for 18 h, filtered, washed with NMP, H 2 0 and 

CH2CI2 and air dried to yield polymer-bound amino[2-(dimed]ylamiiu>)ethyl]{2-[(5- 

mtro(2-pyrid>i))amino]ethyl}caiboxamidme hydrochloride. 
25 The air dried resin (10 mg) was suspended in 80% TFA/CH2CI2 (1 mL) for 1 h, 

filtered, washed with CH2CI2 (1 mL) and concentrated under a stream of air to yield a light 

yellow residue 

tn/z 296(MH+) 



/ 
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Example 251 
Preparation of r4^2v4-PicMon»phenylV5-im^ 

ethyl] (24f 5-nitrof 2-pyrid\i))aminol^yl) amine trihydrochloride 




NMe* 

5 To a suspension of resin-bound amino[2^dime%lamino)e%l] {2-[(5-nitro(2« 

pyridyl))amino]ethyl}-caiboxamidine hydrochloride (3.0 g, 2.1 mmol) and NMP (30 mL) 
at 23 °C was added 7-m^l-l^J-triazaHcyclo[4.4.0]dec-5-CTe (1.5 mL, 10.5 mmol) and 
1^2,4^chlorophenyl)-3^dimefcy^ -one (XVH, 1.3 g, 4J2 

mmol). The resulting mixture was heated at 120 °C for 20 h, filtered^ washed with NMP, 

10 H2O and CH2CI2 and air dried to yield resin-bound [4-(2,4-didtforophenyl>5^ 
imdazolyipyrimidin-2-^ {2-[(5-nitro(2- 
pyridyl))amino]^hyi} amine trihydrochloride. 

The resin was suspended in 80% TFA/CH2CI2 (30 mL) and shaken at 23 °C for 1 .5 
h, filtered and concentrated under a stream of air. The resulting crude material was 

15 purified by reversed-phase HPLC (gradient of 95:5 H 2 0:MeCN to 5:95 H^AleCN) and 
the recovered material was dissolved in MeCN/0.5M HQ (3 mL, 1:1), frozen and 
lyophilized to yield a yellow solid 
m/z543(MH+) 

Example 252 

20 Preparation of Polymer-bound (24(5>mtro(2Hmidvl))amino1^iyl}r(2- 

mtrophenyl)sulfonyl1(2-pyrroUdinyleQivl)amine 

Q 

Polymer 02 NQ2 

Made using the same procedure as for polymer-bound [2-(dimethylamino)ethyl] {2- 
[(5-nitro(2-pyridyl^^^ except that H2-hydraxy- 

25 ethyl)pyrrolidine (4.9 mL, 42 mmol) was used 
m/z 465 (MH+) 
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Example 2S3 

Preparation of Polymer-bound (5-nitro(2-pyridyl)) i 2l( 2- 
pynioUdinYlethvl)amino1ethvnamine 

Q • 




Polymer 

5 Made using the same procedure as for polymer-bound dim^iyl[2-{{2-{(5-nitro(2- 

pyridyl))amino]ethyl} amino)etbyl]amine except that resin-bound (2-[(5-nitro(2-pyridyl))- 
amino]ethyl}[(2-nitrophen^ was used 

m/z 280(MH+) 

Example 254 

10 . Preparation of Polymer-bound amino f2-f(S-nitro(2-pvridyl))ammoletbYl>(2- 

pyirohdinylethvDcarboxanridine hydrochloride 

Potymer NH^ 

Made using the same procedure as for polymer-bound amino[2-(dimethyl- 
amino)eihyI] {2-[(5-nitro(2-pyridyl))amino]ethyl } carboxamidine hydrochloride except that 
15 resin-bound (5-mtro(2-pyridyl)){2[(2-pyOT was used., 

m/z 322 (MH+) 

Example 255 

Preparation of f4^2,4-Dichlorophenyiy54mida^^ (2-f(5-nitro(2- 
pyridyl))amino1ethyiU2-^^ trihydrocfaloride 



20 
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Made using the same procedure as for [4-{2,4^chlorophenyl>5- 
nmdazolylpyrimidiii-2-yl3[2^ 

amine trihydrochloride except that resin-bound amino {2-[(5-nitro(2- 
pyridyl))amino]ethyi} (2-pynt)lidinylethyl)caiboxamidine hydrochloride was used 
5 m/z569(MH+) 

Example 2S6 

Preparation of Polymer-bound (2-morpholin-4-yletfavn ( 2-f(5-nitro(2- 
pyridyl))amino1e£hyll f (2-nitrophenvl)sulfonvHamine 




10 Made using the same procedure as for polymer-bound [2-{dimethylamino)ethyl] {2- 

[(5-nitn>(2-pyridyl))ammo]eaiyl} [(2nQitrophemyl)sulfbnyl]amme except that 4-(2-hydn>xy- 
ethyl)moTpholine (5. 1 mL, 42 mmol) was used 
m/z 481 (MH+) 

Example 257 

15 Preparation of Polymer-bound f 2-rf2-morpholin-4-yldiryl)aminoleflivl) (5-nitro(2- 



pyridyl»amine 




Polymer 

Made using the same procedure as for polymer-bound dimethyl[2-({2-[(5-nitro(2- 
pyridyl))amino]dhyl}ainino)e%l]amine except that resin-bound (2-morpholin-4- 
20 ylethyl){2-[(5-nitro(2-^^ was used 

m/z 296 (MH+) 
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Example 258 

Preparation of Polymer-bound amino (2-morpholin-4-ylethyl) (2-IY5-nitio(2- 
pyridyl))aminolethyl ) carfaoxamidine hydrochloride 




Polymer NHj 



Made using the same procedure as for polymer-bound amino [2-(dimethyl- 
aroino)eihyl]{2-[(5-mto^ hydrochloride except that 

resin-bound {2-[(2-moipholin^ylethyl)amiiH>]el^ 
mfz 338 (MH+) 

Example 259 

Preparation of T4-(2,4-KcMorophenyi>5-iimda 

ylefoyM2-r(5-nitioQ^ trihydrochloride 



a 




Made using the same procedure as for [4-(2 > 4-<fcddoiophenyl)-5- 
imidazolylpyrimidii>-2-yl^ {2-[(5-nitro(2-pyridyl))amino]- 
ethyl}amine trihydrochloride except that resin-bound amino {2-morphoHn-4~ylethyl) {2-[(5- 
mtro(2-pyridyl))amino]ethyl} caitKDxamidine hydrochloride was used. 
m/z585(MH+) 
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Example 260 

Preparation of 64f2-f r4-(2»4-IMcM(^^ 

2-yflaminolethvI)amipo1pwidm^ hydrochloride 




5 To a solution of l-{2^2,4niichloiopheayi>l-[(<^ 

oxoethyl}-5^orohydropyridin-2-one (XVIII, 482 mg, 1.3 mmol) and DMF (10 mL) at 23 
°C was added amino {2^(5-cyano(2*pyri<fyl))amra hydrochloride 
(337 mg, 1.4 mmol) followed by Cs2C03 (652 mg, 2.0 mmol) and the resulting mixture 
was heated at 100 °C for 16 k The DMF was removed under reduced pressure and the 
10 resulting residue was purified by recrystallization (CH2C12/Et20/hexanes) to yield a 
yellow solid which was dissolved in MeCN/0.5M HC1 (3 mL, 1:1), fiozeo and lypphflized 
to yield a yellow solid 
m/z513(MH+) 

. Example 261 
15 Preparation of ethyl frffgj^Sjdtro^ 

caiboxylate 




XT 



NO2 



1. Preparation of diethyl (2ZV3-phenylpent-2^e^l,5^dioate. 

A solution of iodobenzene (1.08 ml, 9.67 mmol) in DMA (5 ml) was added 

20 drupwise to a solution of diethylglutaconate (2 g, 10.74 mmol), Pd(OAc)2 (250 mg, 1.07 
mmol), NaOAc (880 mg, 10.74 mmol) in DMA (5 ml) at 115 °C under argoa After 
heating for 8 hours at 130 °C, the reaction was cooled, diluted with CH 2 C1 2 (60 ml), and 
washed with water (4 x 10 ml). The organic layer was washed with sal aq. NaHCQ* (20 
mlX brine (20 ml), dried with N&ZSO4, filtered, and concentrated under reduced pressure. 

25 The dark oil was purified by column chromatography using GHfeCh as the etoent The 
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product oil was dried overnight in vacuo giving diethyl (2Z)-3-pheny]pent-2-«ie- 1 ,5rdioate 
in 28% yield 

2. Preparation of diethyl (3EV2^ydroyymediylepeV3-phenvlpent-3^e-l^sfioafe 

A stirred mixture of NaH (158.4 mg, 6.6 mmol) and ethyl formate (1.07 ml, 13.2 
S mmol) in BL& (5 ml) woe refluxed undo- argon for 1 5 min. Diethyl (2Z)-3-phenylpent-2- 
ene»l,5-dioate in Et 2 0 (S ml) was added dropwise to the above solution over 5 min at rt 
The reaction was heated to reflux for 12 hours. Hie heterogeneous yellow mixture was 
diluted with EtzO (100 ml), washed with sat NH4CI (40 ml), half sat NH4CI (40 ml), brine 
(20 mlX dried with Na 2 S04, filtered, and concentrated under reduced pressure. The 
10 product diethyl (3E)-2^ydroxym^hylene)-3-phenylpQit-3-€ne-l ,5-<Hoate was obtained in 
97% yield and could be used without further purification. . 

3. Preparation of ethyl 6K>xo^ph«iylhyann»vridino>3--caiboxylate. 

A mixture of diethyl (3E)-2^ydroxymediyleae)-3-phaaylpent-3-CTe-l^-dioate 
(0.62 g, 2.13 mmol) was dissolved in gta. acetic add (1 ml), toluene (1 ml), and abs. 

IS ethanol (3 ml). Ammonium acetate (0.07 g, 9.08 mmol) and flame dried 4A powder 
molecular sieves (0.4 g) were added to the stirred solution. The resulting mixture was 
stirred for 44-46 hours at 90-95 °C under argon. After 24 hours of heating, additional 
reagents were added including ammonium acetate (0.07 g, 9.08 mmol), acetic add (1 ml), 
and flame dried 4A powder molecular sieves (0.4 g). On cooling EtOAc (80 ml) was 

20 added with stirring for IS minutes. The sieves were filtered and washed with EtOAc (2 x 
10 ml). The filtrate was concentrated under reduce pressure. To the crude material was 
added EtOAc (100 ml). The organic layer was then washed with distilled water (2 x 30 
ml), sat aq. NaHCOa (30 ml), water (30 mlX brine (30 ml), dried with Na 2 S04, filtered, 
and concentrated under reduced pressure. The oil was purified by column chromatography 

25 using 5% MeOH in CH 2 C1 2 as the ehient The product oil was dried overnight in vacuo 
giving ethyl 6^xo^phmymydropyridine-3-<»rboxylate in 72% yield 

4. Preparation of ethyl 6KAJoro^^hmytovridine»3-carboxvlate. 

To the dry ethyl 6-oxo-4-phenylhydropyridine-3-carboxylate (141 mg, 0.58 mmol) 
Was added phosphorous oxychloride (10 ml) followed by JV^niimethylac^amide (1 drop). 

30 The reaction mixture was stirred for 12 hours at 100 °C under argon. The phosphorous 
oxychloride was removed under reduced pressure. The crude product was taken up in 
dichloromethane (2x25 ml), and the solvent was removed under vacuum. The glass was 
dried in vacuo 3-4 hour giving ethyl 6^oro-4-phoiy^)yridine-3-carboxylate in 97% 
yield. The crude material is contaminated with phosphorous residue and is used with out 

35 further purification. 
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5. Preparation of ethyl 6^{2-f(5-mtro(2-pyridyl))an^ 
carboxylate 

The crude material above* ethyl 6^oro-4^henylpyridiiio-3-cafboxyiate (140 ing, 
0.56 mmol) was mixed with (2-aminoethyl)(5-nitro(2-pyridyl))amijae (408 mg, 2J24 

5 mmol), Hunig's base (390 ul), and DMA (2 ml) for 48 hours at 70-75 °C with stirring 
under argon. The reaction was followed by TLC and HPLC. When judged complete, the 
reaction was diluted with EtOAc (100 ml) and washed with sat aq. NaHCCb (5 x 30 ml), 
brine (30 ml), dried with N^SO^ filtered, and concentrated under reduced pressure. The 
yellow solid was purified by column chromatography using 5% MeOH in CH 2 Clj as the 

10 ehient Hie product was dried overnight in vacuo giving ethyl 6-({2-[(5-nitio(2- 
pyridyl))amino]ethyl} amino)-4^)henylpyridine-3K»iboxylate in 70% yield 
HPLC: 3.52 min (>95% purity) (HP-1 method) 
MS: M+H = 408^ (C2iH 2 iN504+H = 408) 

Example 262 

15 Preparation of \5-(( 1 EH -a2a-2-morpho lin-4-ylproi> 1 -enyl>4-(Z4- 

dicfaloropheayl)pyrimidin-2-yl1 (24 (6-ammo-5»nitro(2-pyridyl))aniino1ettiyUamine 




cr 

A. 2-[2^2,4^c^orophenyl)-2K)xoethyl]isoindoHne-l 3-dione 

1 mmol of 2,4-dichlorophenacyl chloride in DMF was added drop wise to 2 mmol 
20 of phthalimide and 2 mmol of CS2CQ3 in DMP at room temperature for fourteen hours and 
then die reaction mixture was concentrated in vacuo and diluted with water and ethyl 
acetate. The ethyl acetate layer was concentrated and then purified by trituration with 
diethyl < 



B. 2-{242A<H<M>ropheayiyH(^^ 
25 dione 

1 mmol of 2-[2^2,4^dblorophenyi>2^xoeayl]isoiiKloline^l was heated 
to 80°C in NJ^^toefeylfonnamidedimethyi acetal for six hours. The reaction mixture was 
concentrated in vacuo and purified by trituration with diethyl ether. 
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g 2-fN-r2^{2-r(6-aminl>^ 

didjtoroe^^ acid 

1 mmol of 2- {2^2,4-dichlotophoiyl)- 1 -[(dimethylamino)methy]ene>2-<)xoethyl } - 
isoindoline-13-dione, 1 mmol of amino {24(6-aminc>-5-nitro(2-pyridyi))ammo]ethyl}- 
S carboxamidine, and 3 mmol of CsjCOa woe dissolved in DMF and heated to 90°C for 
fourteen hoars. The reaction mixture was concentrated in vacuo and diluted with water and 
ethyl acetate. The solution was extracted three times with ethyl acetate and dried over 
sodium sulfite. 

D. 2J2^f2J(<£amin^ 
10 dichlorophenyftpyrto 

1 mmol of 2-{N-[2-({2-[(6-ami^ 
dicMorophciiyl)pyrm^ acid was heated to 120°C in glacial 

acetic add for four hours and concentrated in vacuo. 

R r5-amino-4-(2Adicfalorop^ 
15 pyridyfllaminolethyllamine 

1 mmol of 2-[2-({2-[(6-amino-5-nitr^^^ 
dichloiophenyl)pyrimid^ and 20 mmol of hydrazine were 

stirred in ethanol at 75°C for two hours and purified by column chromatography ehiting 
with 5-10% methanol/methylene chloride. 

20 F. N-f2^f24(6-amino-S-ni^^ 

dichloiophenvl)imimidin-5-^1acetamide 

1 mmol of [5-amino-4-(2,4-dichlorophenyl)pyrimidir^ 

pyridyl))amino]ethyl}amine and 1 mmol of acetic anhydride were stirred at room 

temperature for four hours in THF. The reaction mixture was concentrated in vacuo and 
25 diluted with water and ethyl acetate. The solution was extracted three times with ethyl 

acetate, dried over sodium sulfate, and purified by column chromatography ehiting with 5- 

10% methanol/methylene chloride. 

G. Hr2-({2-r(6-amino-5-n^^ 
jfidhjoroejre ^ 

30 1 mmol of >H2^{2-[(6-amiiK^^ 

dichloiophenyl)pyrimidin-5-yl]accteinide and 2 mmol of Lawesson's reagent were stirred 
in 2ml of DME at 80°C The reaction mixture was concentrated in vacuo and diluted with 
water and ethyl acetate. The solution was extracted three times with ethyl acetate, dried 
over sodium sulfate, and purified by column chromatography ehiting with 5-10% 

35 methanol/methylene chloride. 
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EL f 5-((l ZV1 -a2a-2HmorphoIiih4-ylim)P-l -€nyl>^Z4^(^on?pheDylbvrimidiD-2-yl1 {2- 
f(6-amino-5-nitio(2-pvridyl^^^ 

1 mmol of l-{[2K{2-[(6-anrino-5-iiitio(2-pyridyl))amino 
dichloit)phenyI)pyrimidin^ was heated to 90°C in moipholine 

5 and purified by column chromatography ehiting with 5-10% methanol/methylene chloride. 
HPLC: 9.75min. (100% purity) 
MS: MH* 22 5463 

Example 263 
Preparation of (2-ff6-amiiM>-5-mtro(2-pyrid 
10 mtrof2-pyridyl)lamine 




A. 2-(2,4-dicMorophenYl>-6-<^on>-3-nitropvridiTO 

1 mmol 2 > 6-didiloro-3-nitropyridine > 1.05 mmol of 2,4-didilorobenzeneboronic 
acid, and 3 mmol of NaaCO^ were dissolved in 1.5 ml THF and 0.5 ml water and purged 
15 with nitrogen. 0.05 mmol of [l,r-Bis(<HphenylphDsphmo)-fe 

was added to reaction and stirred at room temperature under nitrogen for fourteen hours. 
The reaction mixture was concentrated in vacuo and diluted with water and ethyl acetate. 
The solution was extracted three times with ethyl acetate, dried over sodium sulfate, and 
purified by column chromatography ehiting with 10% eihylacetate 90% hexanes. 

20 B. (2 I aminoejb^ 

1 mmol of 2-amino-6-<AJoixH3-nitropyridine and 15 mmol of 1,2-diaminoethane 
were stirred at reflux for fourteen hours. The reaction mixture was concentrated in vacuo 
and solution of 13 mmol of NaOH in water was added. This solution was extracted twice 
with 95%/ 5% methylene chloride/ methanol The aqueous was thai saturated with salt and 

25 extracted twice with 95%/ 5% acetonitrile/ methanol and then finally exfrated twice with 
95%/ 5% ethylacetate/ methanol. All organic fractions were combined and dried over 
sodium sulfate. 

C. (24f6-amino-5^tro(2^ 
pyridyQIamine 

30 1 mmol of 2^2,4^chIon)phenyl)"6^ was taken with 2 mmol 

of (2-aminoeAy])(6-amino-5-nitro(2-pyridyl))amm and 3 mmol of N,N- 
diisopropylethylamme in 2 ml of DMF at 80°C for two hours. The reaction mixture was 
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concentrated in vacuo and diluted with water and ethyl acetate. The solution was extracted 
three times with ethyl acetate, dried over sodium sulfate, and purified by column 
chromatography eluting with 5-1 0% methanol/methylene chloride. 



10 A, 2-f2^2>4-dic^on>phenylV2^xo^yllisoindoline^l 3-dione 

1 mmol of 2,4-dichlorophoiacyl chloride in DMF was added drop wise to 2 mmol 
of phthalimide and 2 mmol of CS2CO3 in DMF at room temperature for fourteen hours and 
thai the reaction mixture was concentrated in vacuo and diluted with water and ethyl 
acetate. The ethyl acetate layer was concentrated and then purified by trituration with 

IS diethyl ether. 

B. 2^2j2^Hgddo«3^ 

dione \ 

1 mmol of 2-[2-(2,4-dicWorophayl>2K)XOdh)d]isomdoline-l ,3-dion was heated to 
80°C in neat N^-dim^ylfonnamidedimethyl acetal for six hours. The reaction mixture 
20 was concentrated in vacuo and purified by trituration with diethyl ether. 

C: 2-m-r2-(m(6-ainmo-S-^ 
diclriorophenvl)pvrimid^ acid 

I mmol of 2- {2-(2,4-dichlorophenyl)- 1 -[(dimethylainino)meihylaie]-2- 
oxoethyi}isoindoline-l,3-dio;ne, 1 mmol of amino {2-[(6-amino-5-nitro(2-pyridyl))amino]- 
25 ethyl} caiboxamidine, and 3 mmol of G&2CQ3 were dissolved in DMF and heated to 90°C 
for fourteen hours. The reaction mixture was concentrated in vacuo and diluted with water 
and ethyl acetate. The solution was extracted three times with ethyl acetate and dried over 
sodium sulfate. 
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D. 2-r2^{2-r(6-arano-S-nitroO^ 
dichlgn^ 

1 mmol of 2-{N-[2^{2^(6-amino-5-nitn>(2-pyridyl))aniin 
<ft(^orophenyl)pyrinud^5-yl]c^ acid was heated to 120°C in glacial 

5 acetic acid for four hoursand then concentrated in vacuo. 

E. rS-amino^2,4^icfalQnn)hmyl)pvrinndin-2-yl1 (2-ff 6^miDO-5-nitrof2- 
imidyi))amino1ethyl ) amine 

1 mmol of 2-[2^{2-[(6-amino-5-nitro(2-p^ 
dd(^orophenyl)pyrimidiiH5-^>1]isoindoline- 1 ,3-dione and 20 mmol of hydrazine were 
10 stirred m ethanol at 75°C for two hours and then purified by column chromatography 
. duting with 5-1 0% methanol/methylene chloride. 

F. 6-r2^{2-f(6-ignino-S-ni^ 

1 mmol of [5-amino^2,4Hiichlorophenyl)pyrimidin-2-yl] {2-[(6-amino-5-nitro(2- 
15 pyridyl))amino] ethyl} amine, and 2 mmol of furano[3,4-b]pyridine-5 y 7-dione were stirred 

at room temperature for four hours. 2 mmol of HBTTJ, and 3 mmol of N,N- 

diisopropylethylamine woe added to solution and left for six hours at room temperature. 

The reaction mixture was concentrated in vacuo and diluted with water and ethyl acetate. 

The solution was extracted three times with ethyl acetate, dried ova: sodium sulfate, and 
20 purified by column chromatography eluting with 5-10% methanol/methylene chloride. 

HPLC: 7.829miTL (9732% purity) 

MS: MH*= 566.0 

Example 265 

Screening for GSK3 Inhibitory Activity Using a Cell-Free Assay 
25 Pyrrolidine and pyridine compounds of the present invention were dissolved in 

DMSO, then tested for inhibition of human GSK3P (die nucleotide sequence for human 
GSK30 appears in GenBank under Accession No. 133801). Expression of GSK30 is 
described, for example, in Hughes et aL, Eur. J. Biocherru, 203:305-11 (1992), winch is 
incorporated herein by reference. 
30 An aliquot of 300 pi of substrate buffer (30 mM tris-HCl, 10 mM MgCfe, 2 mM 

DTT, 3 jig/ ml GSK30 and 0.5 j*M biotinylated prephosphorylated SGSG-linked CREB 
peptide (Chiron Technologies FIY Ltd., Clayton, Australia) was dispensed into wells of a 
96 well polypropylene micro titer plate. 3.5 \d /well of DMSO containing varying 
concentrations of each compound to be assayed or staurosporine (a known kinase inhibitor 
35 used as a positive control, or a negative control (Le., DMSO only), was added and mixed 
thoroughly, The reactions were then initiated by adding 50 jil/well of IjiM unlabeled 
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ATP and 1-2 x 10 7 cpm ^-labeled ATP, and the reaction was allowed to proceed for 
about three hours at room temperature. 

While the reaction was proceeding, streptavidin-coated Labsystems "Combiplate 8" 
capture plates (Labsystems, Helsinki, Finland) wore blocked by incubating them with 300 
5 )JAvdl of PBS containing 1% bovine serum albumin for at least one hour at room 
temperature. The blocking solution was then removed by aspiration, and the capture plates 
were filled with 100 jil/well of stopping reagent (50 pM ATP/20 mM EDTA). 

When the three hour enzyme reaction was finished, triplicate 100 |il aliquots of 
each reaction mix were transferred to three wells containing stopping solution, one well on 
10 each of the three capture plates, and the well contorts were mixed well After one hour at 
room temperature, the wells of the capture plates were emptied by aspiration and washed 
five times using PBS and a 12 channel Corning 430474 ELISA plate washer. Finally, 200 
pi of Microscint-20 scintillation fluid was added to each well of the plate. The plates were 
coated with plate sealers, then left on a shaker for 30 minutes. Each capture plate was 
, IS counted in a Packard TopCount scintillation counter (Meridian, Connecticut) and the 
results were plotted as a function of compound concentration. 

Compounds of the present invention were then screened for inhibitory activity 
. against GSK3 according to this assay. The following compounds exhibited IC50S of 10 jiM 
or less with respect to GSK3 in this cell-free assay: (4-phenylpyrimidin-2-ylX2-{2- 
20 pyridyl)ethyl)amine, (4-phenylpyrimidin-2-yl^ [2-(2- 
pyridylammo)ethyl](4-(3^ 4-{2-[(2-(2-pyridyl)efliyl)- 
amino]pyriinidin^yl}benzenecarbonitrfle, 4- {2-[(4-p>oidylmethyl)amino]p>Timidin-4- 
yl}benzamide, 4-{24(3-imidazol-5-ylethyl)amin^ 4^2-{\2-{2' 
pyridylamino)ethyi]amino}pyr^ {2-[(5-nitro(2- 
25 pyridyl))aminoJethyl} amino)pyrimj dine-5-carboxylic acid, 4-(2-{[(3-me&ylphenyl)- 
mediyl]amino}pyrinudin^yl)benzamide > 4-(2-{[(4-aminophm>d)mefliyl]amino}- 
pyrimidin-4-yl)benzarnide, (5-ethyl^phenylpyrimid^ 

amine, 4<2-{[(5^ethylpyrazin-2-yl)m 4-{2-[(3- 
phenoxypropyl)amino]pyrimidi^^ 4- {2^(3-imida2»lylpropyi)amino3- 

30 pyrinddin^yijbefizainide, [4-(3,4-difhjoxopheayl)pyr^ 
eihyl]amine> 4^2-{[(4-<3raiK)p!ra^ 

ph^oxyethyl)amino]pyriinidin^yl}bm2amid^ 4-(2-{[(3-methoxyphaiyl)methyi]- 
amino } pyrimi djj>4-yl)benzami de, 4-(2- {[(4-methoxyphenyl)methyl]amino} pyrimidin-4- 
yl)benzamide, 4-(2-{[2-(4-£taorophenyl)ethyy^^ [2-(2^- 
35 <KmedK)xyphenyl)eAyl](4-(3-pyridyl)pyrinm [4-(4-mtrophenyl)pyriinidin- 
2-yl][2-(2^yridylflmino)ethyI]amine > {2HX5-nitro(2^yridyi))a^ 
ylpyrimidi&-2-yl)amine, ethyl 4^2-fury!)-2^(2K2-py^ 

caiboxylaie, 4^2-{[(3-chlorophenyl)me1hyl]a [4-{4- 
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chloiopfceQyl)-5-me&^^ 

benzimidazolyipro^ 4-{2^(4-phe»yIbulyi)anuno]- 
pyrimidin^yl}baizamide,4^2-{^^ 

benzamide, 4-{2^(3-phmoxypropyl)amino]pyrimi 4-(2-{[(3-nitro- 
5 phmyl)methyl]amin^^ 4^2^{2-[(5-iiitn>-2-pyridjd)- 

amino]e%l}amiro^ H2^{2^(5^tro-2-pyridyl)amino]ediyl}- 
amino)pyriffiidin^ 4-(2- {[2^3^orophmyl)ethyl]amino}pyrimidin^ 

yl)benzamide, 4-{24(naphthylmdhyl)amino]pyrinu [5-(4-fluaro- 
phenyl)pyrimidin-2-yl] {2>[(5-nitro(2-pyridyl))aniino]eayl}ainiiie, 4-(2-{[3-<4-chIoro- 
10 pheroxy)piopyl]ammo}pyrim [4^4-imida2olylphenyl)pyrimidin-2-yl][2- 
(2^yridylamino)dhyl]amme > 4<2- {[3^2-ammoben2amidazo^^^ 
4-yl)phenol, ^-{P^S-dimethoxyphen^^ 
carbonitiile, [4^2,4^chloiophenyl)pyriim 

({2HK5-nitio-2-pyri^)a^ 4-(2-{[3- 
15 (3-methylphenoxy)pro^ 4-{2-[(2-(2H-beDzo[3,4- 
d]I3^oxolen-5-yi)e%i)am^ 4-(2-{[2-(4- 
nitrophenyi)ethyl]amii»^ 4-(2- { t(2,6-dimethoxyphenyl>- 

methyl]amino}pyriinidii^ 

pyi^din^yl)benzamide, [2^{2-[(5<ntro{2-pyxidy\))axni^^^ 
20 yl]b€ai2ylamine, ethyl 4<4-fluorophenyl)-2-[(2^ 
caiboxylate, [4^4-*iimetoyKl^ 
amino]ethyl}a)mine, [4^4-methyl-l^heaiyIpy^ 
amiiK))ethyl]amine, 4-[2^{[3^trifluoiomeri^^ 

benzamide, 4-[2^{[4^taifhioi^ 4- 

25 (2-{[(3>dicM(m>phenyl)m^ 

ben2ylpipenizinyl] pyrinudiiH^yl}beozaimde, 4-(2-{[(2,4-diddorophcnyl)mdhyl]- 
amino}pyrimidin^yi)brazamid^ ethyl 4^4-cyanophenyI}-2HX2^ 
pyrimidine-5-caiboxyiate, [2^2-pyridylamino)^hyl] {4-t4-(trijauorQmdhoxy> 
phmyl]pyrimidinr2-yl}anuiie, {6^(2-m^oxy^yl)ammo>5-mtro(2-pyridyl)} {2-[(5- 

30 nito>(2-p)Tidyl))amino] etbyl}amme, 4^2-{[3^3-mdhoxypbaioxy)propyl> 
amino}pyrimidnH^yl)boizaiiiide, ethyl 4-{4^eflioxyphenyl>2^ 
pyridyl)elhyl)amiiK>^^ [(3nii^jylphet^)methyl][2^{2^(5-nitro- 
(2-pyridyi))amino]ethyl} amino)pyriinidiih^ 4-(2-{[3-(4-pheaylimida2olyl> 
propyl]ammo}pyrimidii^ 4-{2*[(34enzimidazoIyipn>pyl>- 

35 aminojpyriimdin^y 

pn>pyl}ammo)pyrimid^ 4H[2^{3^4^3-methoxyphe»y^^ 
propyl}amiiio)pyriiiri^^ (3-benznnidazo^ 
phen^)pyrimidin-2-yi]amine, N-{442<{24(5Hritro-2i^^ 
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pyrimidiiHl-ylJphenylJacetamidej 4-{2- {[3^4^orophenoxy)propyl]ainiiio} pyrimidii>4- 
yObenzamide, 4-{2-{[(4-hromopheoyl) methyl] amino}pyrimidin^yl)beaizanu 4-[2- 
({[4-(4-fluorophaiyi)phen^] methyl} amino)pyriirudiii^yI]bemamid^ 4-(2-{[(3- 
bromophenyl)methyl]amino}pyri^ 6-{[2-{{5-nitro-6-[bmzylamino]- 
5 2-pyridyl} amino)ethyl] amino}pyridine-3-caibonitrile, ethyl 4-{4-cyanophenyl)-2- {[2- 
(pyrmiidin-2-ylamino) ^yl]aniino}pyrfanidiD^5Haibo^l^ 4- {2-[4-(2-methoxy- 
phenyl)piperazinyl] pyrimidin-4-yl}beirzamide, 4^2-{[2-(ben2othia2ol-2-ylamipo> 
ethyljamino } pyrimidin^yl)benzamide, ethyl 4^nitrophenyI>2-[(2^2-pyridjd)ethyl)- 
amino]pyriinidine-5Kaiboxylat^ 6-inetfayl-2-{ {2-[(5-nitro(2-pyridyl))amino] ethyl} amino)- 
10 4-phoiylpyrimidiiie-5-carboxylic acid, 4- {24(2^iphenylethyl)amii^^ 
benzamide, 4^2-{[(3/*,5-4rimethoxypheny^ 

methyl 2-{ {2-[(5-nitro(2-pyridyl))aniino]ethyl} amino>4-{3 -pyridyl)pyrnrudine-5- 
caxboxylate, 442<{[3<3-aminophenyl^ 

4-[2^{[4<3-amiiiophen^^ 4-{2-[(3-(2- 

15 naph%loxy)propyl)ai^^ 4-{2-[(3-<&^imnolyloxy)propyl) - 

amiiH>]pyrimidii^ [(3^oroiA»yl)meth>^][2<{2-[(5-nitit<2-pyrid}^)) - 

amino]ethyl}anrino)py^ [(4^o^henyl)methyI]t2-({2-[(5-iiitro(2- 
pyridyl))amino]ethyl}amim^ ethyl 4-(4-cyanopheayl)-2-{[2-(3- 

me&oxyphenyl)ethyl]ami^ ethyl 2-({2-[(5-amino(2- 

20 pyridyi))axniii0^ A-lS-mfm-Z- 
({2-[(5-nitn>(2-pyridyl)^ ethyl 4- 

[2^{2-[(5-nitro-2-pyrid^^^ ethyl 4-<3- 

mtropheayl)-2-{[2^2^^ N-benzyl(4- 
{2-[(2^2-pyridyl)ethyl)am^^ {2-[(5-nitro(2- 

25 pyridyl))amino]ethyl} {5-mtro^|>enzylainiiio](2-pyTidyl)} amine, 4-(2-methoxyphenyl)-2- 
({2-[(5-nitro(2-pyridyl))^^ acid, 4~[2-({[3-(3- 

methoxyphmyl)phenyllmetbyl } amino)pyTimidin^>4]benzainide, 4-[2-({2-[(5-iutro-2- 
pyridyi)amino]ethyl}amino)py^ 4-(2-{[3-(2 > 4-dichtoio- 
phi^xy)propyl]ammo}pyrim ~ 

30 propyJJammo}pyrimidin^)d)beDzamid^ 4<2-{[3^3-^ea^phenDxy)propyI] - 
amino}pyrinudin^yl)bejr2amide^ 4-(2-{[(3-{3-[(methylaimno^ 
phemyl)methyi]amin0}py^ ethyl 4-(3-fluoiopheoyl>2-({2-[(5- 

mtrc>(2-pyridyl))aimno]e&^ [4-phenyl-5-benzyl- 
pyrinudin-2«yl][2<2-pyridylam^ - 

35 amino}pyriinidin^yl)b«Eamide > 4-[2^{2-[(5^tro(2-py^^ 

pheaylpyrinridin-4^]pheaol, 4^2,4-dic&<m>phenyl^^ - 
ethyl} amino)pyrimidme-5^rbonitrile > 4^3,4-^chlorophoiyl>-2-({2-[(5-nitro(2- 
pyridyl))amino]ethyl}ainro 6~[(2- {[4-(4-cyanophenyl)-5~ 



WO 02/20495 



-234- 



PCT/US01/42081 



(eflK)xycaibonyl)pyrimidin-2-yl]amin add, ethyl 4-(3- 

(yaiK>phenyl}2^{24(5-ni^ 
[(3><Mcbloiophenyl)me%I][^^ 
famine, [(2,4^chloropheByl)methyl]P^ 
pyrimidin^yl]aiiiine, ethyl 4<4^aibamoylphenyl)-^^ 
amino}pyrimidine-5-caiboxylat^ ethyl 4^4Hxabam<^phenyl)-^^ 
ylamiiu>)ethyl]a^^ eihyl 4-(3 > 4-dimethylphaiyl>2-({2H[(5- 

nitro(2-pyridyl))amino^ N-(2-melhoxyethyl){4-[2- 
({24(5-mtro(2-pyri^ pyiteiidii*4-yl]p^ 4-{2- 

[( {3-[3^ac^amino)ph«iyl]phaiyl}methyl) amino]pyrimidin^>4}benzainid^ ethyl 4-(4- 
cymophenyl>2-{[2^2^irinolylamino) ethyl]amino}pyrimidin^5-caiboxy^ ^-[2-{{[3^ 
bis(trifluoromdbyl)phenyl]mediyl} amino)pyriimdiiH^yl]ben2ainide > ethyl 4-(2,4- 
(MiK>ropheQyi>2^{2H;(^ 
(4-{[(3-bromophenyl)mefliyi] amino}pyrimid^ 
amine, 2^{2-[(6-amino-5-mtn)p-pyridyl)) ammD]etfyl}am^ 
dichlorophenyl)pyrimi(fi^ 6-[(2- {[4-{4-cyanophenyl>>5-<ethoxy- 

caibonyl)p>rimidin-2-yl]ainino} ethyl)amino]pyridine-3-carboxylale > 4-{2-[({3-[3- 
(trifluoromethyl)phenyl] phenyl}melhyl)ainino]pyr^ [4-(4- 
benzdmidazolylphenyl) pyrimidin-2-yl]{2-[(5-nitro(2-pyri 2^ 
({2-[(5^tro(2-pyri<^)^^ 

ethyl 4~naphthyl-2-{ {2-[(5-nitro(2-pyridyl))amino] ethyl} amino^yrimidin^-carboxylate, 
ethyl 2^{2H;(5-iiitro(2-pyridyl))amiTO 
caiboxylate, ethyl 4-(4-cyano^ 

ethyl) aminolpyriinidme-SHaiboxylate, benzyl{[4^2-{[2<2-pyridyiamino)ethyl] - 
amino}pyrinudiiir4-yl)phenyl]su^ efhyl 4^4-cyanophenyl)-2-[(2-{[6- 

(metiiylamiiK>)-5-^^ {4-[2- 
({2-[(5^tro(2i>yridyl)^^ 
ylmethyl)caiboxaiiud^ ^ 

pyridyl))mnino]e%l}aa^ N-{1 -caibamoyl-2-phenyl- 

ethyl)(4-{2-[(2^2^dtf^ ethyl 4-(3,4- 

dimethoxypheny^^ 

caiboxylate, {4-[2-({2-[(5HQitn)(2-^^ 

benzylcaiboxaffiide, {4-[2^{2-[(5-nitro(2^yridyl))anm 

y0phenyl}-N^3i>>^^ {4^4^4,5-dicMoroi^^ 

pyrimidin-2^} {2-[(5^tro(2-pyri^ ethyl 4-(44)utoxypheoyl>2- 

({2-[(5HMtro(2-pyridyl))anuno]eaiyl}am ethyl 4-{[(2- 

ddorophenyl)methyl]ai^^ 

carboxylate, 6^2-fluorophenyl>2^{2^(5-mtn>p-pyridyl)) amino]etbyi} anrino^phenyl- 
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pyrimidine-S-carboxylic acid, {4^2^{2^(5-iiitn)(2»pyridyl))amino]etbyl}ainin 
pyrimidin-4-yl]phenyl} -N^2-thienyimethyl)carboxamide, ethyl 2-({2-[(5-nitro(2- 
pyridyl))amino]ethyI}amm^ 

ethyl 4^3,4^dbJon>pheoyl)-2^{2-[(5-mtio(2-pyrid)i)) aminojethyl} amino)pyrimidin&-5- 
5 carboxyiate, ethyl 4^3,5^cUorophenyl)-2^{24(5-nitro{2-pyridyl))amin 

pyrimidine-5-caiboxylate, {4-[2-( {2^(5-nitro(2-pyridyl))amino]ethyl } amino)pyrimidin-4- 
yllphmyll-N^pipmdylmethylJcaiboxamide^ (6-{[(2,4^cWorophenyl)methyl]amino}- 
5^1n>(2-i>yridyl))£^ aminojediyljamine, ethyl 4-(4- 

caibamoylphenyi>6-ethyl-2-{ {2-[(3Hiitn>(2-pyridyl)) aminojethyl} amino)pyrimidine-5- 

10 caiboxylate, ethyl 4^4-(diethylanuiK>)ph^ 

amino)pyrimidme-5-caiboxylate > {4-[2^{2-[(5-mtro(2-pyridyl))amino]elhyl}ainico> 
pyriinidiiH^4}phenyl} -N^2^?h N-[(3-mrfhylphenyl)metijyl]{4- 
[2^{2-[(5-iutro(2-pyridyl))^^ 2-<{2- 
[(5-nitro(2-pyridyl))at^ 

IS acid, ethyl 2-{ {2-[(5-nitro^-pyridyl))ammo] ethyl) amino)^4^henylphemyl)pyriinidine- 
5-carboxylate, {4-[2K{24(6-amiiK>-5-nit^ 

yl]pha^l}-N-beaizylcaiboxamide, N-[(5-mediylpyrazn>-2«-yI)mefliyri {4-[2-({2-[(5-nitn>(2- 

pyridyl))amino]ethyi} amino) pyrimidin-4-yl]phenyl} caiboxamide, N-[(3- 

fluorophoiyl)methyl] {442-({2^(5nritro(2-pyridyl))a^ 
20 phenyl}caiboxamide, ethyl 2^{2-[(5^t^ 

phenyl)pyrimidine-5-carboxyiate i N4(4-fluorophenyl)methyl] {4-[2-({2-[(5-nitn>(2- 

pyridyl))amino]ethyl}«^^ [4-<2-{[(3-bromo« 

phenyl)methyl]ainino}pyrM^ 

ethyl 4^54>romc<3-pyridyl)^^ 
25 carboxyiate* N<3-tmidazolyIpropyi) {4-[2<{2-[(5-nitio(2-p^^ 

pyrimidin^yl]phmyl}caiboxamide, tert-butyl 6-[(2-{[4^4<ydi^fhenyiy5' 

(ethoxycaibonyl)pyrimi^ N-[(3- 

bnraiophenyl)me&yl](4-{24(3-iimdazolyl 

caiboxamide, e*hyl 4-[(2,4^cMoiophenyI)am^ 
30 ethyl} amino)pyriiiiidine-5-carboxyl ate, ethyl 4-(4-caibamoylphenyl>6-ethyl-2-({3-[(5- 

mtro(2-pyridyi))amino] propyl} amiiK))pyrimidin©-5-caiboxylale, {4-[2-{{2-[(5-nitro(2- 

pyridyl))amino]ethyl}anrm^ 

caiboxamide, N-[(4-mefcoxyphen)d)meaiyl] {4^^{2~[(5^tro(2-pyridyl))ainino]ethyl}- 
amino)pyrimidm-4-yl] phenyl}caiboxamide, 2-( {2-[(5-nitro(2-pyridyl))amino] ethyl}- 
35 axriiK>)^4Hailroph add, 2-{{2-[(5-nitro(2- 

pyridyI))amino]e%l}amino>^ acid, 
ethyl 4^4-oirbamoyIphenyi^^ 

^yl^nunoJpyrimidine^S-caiboxyla^ ethyl 4-(4-cyanophenyl>2-[(2- {[5-<moipholiD-4- 



WO 02/20495 



-236- 



FCT/US01/42081 



ylcarbonylX2-pyridyl)]aniiDo} eAyl)aiiiino}pyrimidine-5~c^iboxylate, N-[(3- 
chlorophenyl)m^h>1] (4-[2-( {2-[(5^tro(2-pyridyl))amino] ethyl} amjbo)pyrimidin-4-yI> 
phenyl}caiboxamide, N-[(3,4-difluorophei^)m^ 

pyridyl))amino]ethyl} amino) pyrixnidiii^yllphenyllcatboxamide^ ethyl 4-[4-{4- 
5 me%lpiperazm^ 

caiboxyiate, 4-cydohexyl-2-< {2-[(5-mtro(2-pyridyl))amino]dhyl} amino)-6-(4- 
nitrophenyl)pyrimidiiie-5-carboxylic arid, {4-[2-( {2-[(5-nitro(2- 
pyridyl))amino]ethyl} amim))pyrimidin^yl]phenyi} -N-[(3-mtrophenyI)- 
meihyl]caiboxflnride, ethyl 4-{[(3-bromophenyl)methyi^^ 
1 0 pyridyl))amino]ethyi}amira^ N~[(3^romophenyI)methyl][4~(2- 
{[2-<3-methaxypheayl)eth^ phenyljcaiboxamide, N-(naphthyl- 

mefli^){4-[2-({2-[(5-nitn)(2-pyridyl)) amino] ediyl}amino)pyr^ 
caxboxaooride, 4^3-cyanopheayl)-2<{24(5Htri^ 

mtrophenyl)pyrimidm^^ arid, N-[P > 4-dim^hoxyphenyl)methyl] {4-[2-({2-{(5- 

15 mtro(2-pyridyl))amino]e^ N-[(2^- 
dimethoxyphenyl)me%l] {4-|>({24(5-iritro(2i?y^ 
yl]pheayl}caiboxamide>4^4-^^ 

anrin0)-6K4-mtxo^ arid, N4(3-4>romqpheayl)methyl] {4-[2- 

({24(6-me4hoxy(2-pyridyi))amino]elhyl}amino) pyrimidin^yl]phenyl}caiboxamide, {4- 
20 [M{2-[(5^tro(2-p^^ 

(tri^romethylfrhenyl]^^ N-[(3,5sHchlorophenyl)methyl] {4-[2-{{2' 

[(5-nitro(2-pyridyl))am^ N-[(3,4- 
dichloiophenyl)me^ 

yl]phmyi}cart>oxamide> ethyl 4^4-cyanc^enyl)-2-{[2^{5-nitr^^ 
25 pyridyl)}ammo)e%l] ethyl 4-[3>*is(trifluoromefliyl>. 

phenyl]-2-({2~[(5-cdtro^ 4,6- 
bis(4-nitrophea^)-2^{2-[^ 
arid, [4-(2-{[2-(2^-<iimetho^ 

lm>mophenyl)methyl] carboxamide, 2^{2-[(5^tro(2-pyridyl)^^ 
30 nitropheayl)^4-nitn)phe^ arid, N-[(3-bromophenyl)- 

mediyI]{4-[2K{2-[(4-n^^ 
N-[(3-bi*raioi^y^ 

4-ylJ phenyl} cart>oxamide> N-[(4-lm>moph^ - 
amino]ethyl } amino)pyrimidii^ carboxamide, {4-[2-({2-[(5-iiitro^-pyridyI))- 

35 amino]ethyl}amiiK))pyrinii methyiJcaAoxamide, 
N-[2-(2,4-dichlorophe^ amino]ethyl}- 
ammofryrinridin^^ N4(34>romoph£nyl)meflr^][4-(2-{[2-{2- 
q^lylamino)e^ 2-({2-[(5-mtn>(2- 
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pyridyl))amko]e*fayi^ 

add, N^2^^pheiylefc)*){^ pyrimidin- 

4- yl]phoiyl}caiboxamide, N-[(3-bromopheayl)me&yl] {4-[2-({3-[(5»nitro(2-pyridyl))- 
amino]propyl} amiiio)pyrimidin-4~yl]phaiyl} carboxainide, {4-[2-({2-[(6-amin(>-5-nitro{2- 

5 pyridyl))amino]ediyl}amino)pyrM methyl] - 

caiboxamide, 2-( {2-[(5-nitro(2-pyridyl))am^ 

(trifhu>romediyl)pheny^ (4-{2- 
[(2-{[5^trifluoromethyl)(2i>^ 
carboxamide, [(3-bromophenyi)methyq^ 
1 0 amino)pyriinidin^yl]phenyl} sulfonytyamine, and N-[(3-iodopheayl)mefeyl] {^Hl^l-KS* 
nitro(2-pyridyl))aiim^ l-[2-{[2~({6- 
amiiu>-5-[hydroxy(oxido)a 

5- pyrimidinyI^2-piperaziiione, H2-{[2^{6-amiiK>-5H^ 
pyridinyl}amino)e%l]amiM^ 

15 piperazinone, l-[6-{[2^{6-amino-5-[hydn>xy^ 

amino} -2^2,4^chlorophenyi)-3-^^ l-[2-{[2-({6-amino- 
5-[hydroxy(oxido)ammo]-2-pyridin)d } ammo jethyl]amino} -4-(2,4-didilon)phenyl)-5- 
pyrimidmyl^m^yl^^peraanone, 6-[(2-{[6-(2,4-didiloropheDyl>-5-(4-mefliyl-2-oxo- 
1 ~piperazinyl)-2-pyridinyl]aminD} ethyl)amino]nicotinonitrile, !-[6-{[2-<{6-amino-5- 

20 [lydroxy(oxido)ainmo>2-py^ 

m^hyl-2-pipaazinone, 6-[(2-{[6^4^ylphenyl)-5K^^ 

pyridinyl]amino} ethyl)amino]ni(X)tinonitrile, 6-({2-[[6-(4-€diylphenyl>S<4-mefliyl«2-oxO" 
l-piperazinyi)-2-pyridinyl]fa^ ^^{[A^l^ 
dichlorophenyl)-5-(4-meihyI-2^xo-l-i^ 

25 nicotinonitrile, H6-{[2<{6-ammo-5-(>y^ 

amino}-2^4^flto*ophen^^ 4-[6-{[2-<{6-amino- 
5-[hydroxy(oxido)amino]-2-pyridinyl } amino)ethyl]amino } -3-(4-methyl-2-oxo- 1 - 
piperaMy^^yridinyllbCTzonitrile, H6-{[2^{6-amino-5-[hydroxy(oxido)amino] 
pyridinyl}amino)e%l^ 

30 piperazinone, l-[6-{[2^{6-amiiio-5^y^ 

amino}-2<2,4Klichlorophenyl>3-^^ U{6-{[2^{6-maDO~ 
5-[hydroxy(oxido)amino>2^yridinyl}amino)efliy 

3-pyridinyl}-4-methyl-2-pipm2inone, 1 -[6- { [2-( { 6-amino-5-|^ydiX)xy(oxido)aniino]-2- 
pyridiiyl}amino)ethyl]ai^^ J-piperazinone, 
35 l-[6-{[2^{6-amino-5-(bydrox^ 

dichlorophoiyl>3-pyridinyl]^meaiyl-2-piperazinoiie, 1 -[6- {[2-( {6-amino-5--{hydroxy- 
(oxido)amiiK>]-2-pyridinyI}ai^ 

methyl-2-piperazinoiie, H6-{[2^{6-amino-5-[hydn>xy(ori 
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1- metfyleihyl]aniino}^ 1^6- 
{[2^{6-amino-5-[hydroxyfa 

(2,4^cMorophenyl)-3-pyridinyl]^ 1 -{6- { [2-{ {6-amino-5- 

|>ydroxy(oxido)amino>2-pyridinyl} amino)- 1 , 1 Klimethylethyl] amino} -2-(2,4-<iichlon>- 
5 pheayl)-3-pyridbyI]^melhyl-2-pipea^2taone^ 1^6-{[2^{6-amino-5-[hydn)xy(oxido)- 
amino]-2-pyridinyl} amino)ethyl][2-<l -pym>Udinyl)ethyl]amino} -2^2,4^chloroph^l)- 

3- pyridinyl]^meAyl-2-piperazin<me, l-[643<{6~arnino-5-[hydn>xy(oxido)amino]-2- 
pyririHnyl}ainino)propyl]-2^2,^ 1- 
[6-[[2:<{6-ainiiK>-5-[hydrox^ 

10 (2,4niicMorophenyl)-3~pyridinyy l-[6-[2-{{6-ainino-5- 
|£ydroxy(oxido)amino]-2-pyiidinyl}ami^^ 

methyl-2-piperazinone, 1 -[6- {[2-( {6-ainino-5^ydroxy(oxido)amino]-2-pyridinyl} oxy)- 
e&yl]ainino}-2^4^cUorophenyl>3-py^ i^e-{[2-({6' 
anmK)-5H}iydroxy(ori 

15 amino}-2^2,4^ch]oroph^ H6~{[2^{6-amino- 
5-[hydroxy(oxido)amino}-2-pyridinyl} amino)ethyl]amino } -2^2,4^1ichlorophenyi)~3- 
pyridinylJ-2-pipeTazinone, 1 ~[6-{[2-( {6-amino-5^ydn)xy(oxido)ainino]-2i)yridinyl} - 
amino)ethyl]amiiio}-2^2,4^^ 1- 
[6-{[2-({6-aminc>-5-[hydro 

20 dichlorophenyI)-3-pyridinyl^^ H6-{[2^{6-amino-^ 
[hydroxy(oxido)amino]^^ 

4- meihyl-2-piperazinone> l-[6- {[2-{ {6~amino-5-[hydroxy(oxido)amm^ 
amino)etiiyl]an^^ 1- 
(2^2/*^chloiophenyl^ 

25 ethyl]amino}-3-pyridinyl^ l-<2-(2 > 4-didilorophenyl)-6-{[2-({5- 
[hydroxy(oxido)ainino]-2-pyridinyl}amino)efc 
piperazmone, 4-[6-{|>({6-amino-5-[hydro^ 

amino} -3^4-methyl-2-oxo- 1 -pipammyl>-2-pyridinyI]bejizamide, 2-[6- {[2^{6-amino-5- 
[hydroxy(Qxido)ain^ 
30 pyridmyl]hexahydropyrrolo[l ^]pyra2fa>3(4H)-cme > lH[6-{[2^{6-ainin<>-5-[hydroxy- 
(oxi(b)ainino]~2-pyridinyl}aiiiiiK))eth 
(me&ylsulfbnyi)-2-piperazinone, 4-acetyi-l-[6-{[2^{6-amin^ 

2- pyridfoyl}amino)etiiyl]^^ 2-[6- 
{[2^{6-amino-5-[^droxy(oxi^ • 

35 dichlorojpfaenyl)-^ 2-[6-{[2-{{6- 
ainino-5-[hydroxy(oxido)ainiiK)>2^yridm 

3- pyridinyl]hexahydropyrrolo [ 1 ,2-a]pyrazin-3 (4H>one > 2-[6- {[2^ {6-amiiK)-5-[hydroxy^ 
(oxiao)amino}-2-pyridinyl} amino)ethyl]amino} -2^4^chlorophenyl)-3-pyridinyl]- 
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hexahydropyrrolo[l ^-a]pyrazin-l (2H>oiie, 2-[6-{[2<{6-amino-5-[fcydroxyte^ 
2-pyridinyl} amino) ethyi]amm^ 

[l^-a]pyrazin-l(2H)-one > H6-{[2^{6-amino-5-Ihydroxy(oxido)amm 
amino)ethyl]amino} -2^2/*^lifluorophenyl)-3-pyridinyl}^ 4-[6- {[2- 

. 5 ({6-amino-5-[hydrox^ 

pipOT^yl>2-pyridinyl]beazonitrile, 1 -[6- { [2-{ { 6-amiiK>-5-[hydroxy(oxido)amino] -2- 

pyridmyl}*amino)propyl]amino^^ 

piperazinone, H6~{[2<{6-samino-5-[^^ 

ammo} -2-phoiyl-3-pyridinyl)^m^yl-2i)ip»azinone J 1 -[6- { [2-{ {6-amino-5-[hydroxy- 
10 (oxido)amffio>2-pyridin^ 

2-piperazmone, 3~anuiKvH6-{[2^{6-amjm^ 

amino)e(hyl]amino}-2^2/lHK^ H6-{[2-({6- 
amino-54hydroxy(oxido)amino]-2"pyri 

pyridinyl)-^mediyl-2--piperaziiione ) 1 -[6- {P-( {6-amino-5-[hydroxy (6xido)amino>2- 
15 pyridinyl} amino)eihyl]aniino } -2<2,4^cliloropheaoxy>-3-pyridinyl]-4-methyl-2-- 
piperazinone, l-[6-{[2^{6-amino-5^ydroxyfa^ 
anrino}-2^2,4^chloropheayI)-3-^^ 
{[2^{6-amino-54bydioxy(oxi^ 

pheayl^S-pyridin^^S-morpholiiione, 1 - {6"[2^6-Amino-5-nitrc^pyTicHn-2-ylamHio)- 
20 ethylamino}-[23 , ]bipyridiByl-3-yl} -4-methyl-piperazin-2-one, l-[6-{[2-({6-amino-5- 

[hydroxy(oxido)amino]-2--pyridiiiyl} amino)ethyl]amino } -2-(2,4-dichlon>phenyl)-3- 

pyridmylJ-2-piperidinone, l-[6-{[2^{6-amiiK>-5-[liydroxy(oxido)aiiiino)-2-pyri 

amino)ethyl]amino}-2^4^ 

1 -[6- {[2-( {6-amino-5^ydioxy(oxido)amiiK)]~2-pyri 
25 methoxyphenyi)-3rpyridiiiyl^^ and 1 -[6- { [2-( { 6-amino-5- 

[hydroxy(oxido)aminD]-2-pyridinyl} amino)ethyl]amino } -2^3-foiyl)-3-pyridinyl]-4- 

methyl-2^perazinone. 

The following compounds exhibited IC50S of 1 pM or less with respect to GSK3 in 

this cell-free assay: 4-{2^(2r(2-pyridyl)dh)d)amino]pyiimidm 
30 phei^J^yl)amino]pyrim^ 4<2-{[2^2^yridylamino)eaiyl] - 

anunolpyrimidin-^^benzamide^ 4-(2- {[2^yrimidm-2-ylamiiK))ethyl]aniin^ } pyrimidin- 

4-yi)benzamide» (5Hiitro^0iCTyipyriniidin- amine, 4-(2- 

{[3^4^troiinida2olyl)propyl]amino}pyrinri 

ediyi]amino}pyrimidinr4-yl)benzamide > 4-{2-({2-[(5-cyano-2-pyridyl)ammo]» 
35 ethyl} amino)pyrmridin^yl]benzamide, 2^{2^(5-nitro(2-pyridyl))ainino]^yl}ainino)-4- 
ph^ylpyrimidine-5-caibonitrile, 4^2^{2-[(6^^hoxy-2-pyridyl)amino]ethyl}amino> 
pyrimidin-4-yl]beQzainide, 4^2-{[3^4>dichloroiimdazolyl^^ 

yl)phenol, 4^2-{[3^4nmtn)imida2X)lyi) propyl]amino}pyrimidin^yl)b«i2ami 4-{2-{(3- 
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benzimidazolylpropyl) aminojpyrimidin^yljbenzaniide, 4-[2-({2-[(4-amino-5-cyano- 
pyriinidin-2-yl)ainino] ethyl}amino)pyriinidin^yl]b 4-{2-[(3- 
benzimidazolylpTDpyi) amino] pyrimidin-4-yl} --2-mdiioxypheaQol, 4-{2-{[2-(2,5- 
dmiethoxyphenyl)ethyi] amhK>}pyrimidm-^ 4-{2- {[2^2^-dimethoxy- 

5 phenyl)e%l]aanmo}pyrinu 4-<2-{[3-(4-iQdhoxypheno^)pn>pyl]* 
amino}pyrimidin^yl)bm^ 4-[2^{2-[(5-nitn>-2-^^ 
pyrimidm-^yllbesizamide, {2-[(5-nitro(2-pyridyl))ai^o]efliy]}(5-nitro-4^ 
pyriinidin-2-yl)amiiie > 4-(2-{[2-(2MpiiiK)lylanaino) ethyi]ammo}pyriiindi^ 
4-{4-cyaiwphejiyl)-2^^^ 
10 caibonitrile, 4-<2- {[3^4,5^chloroiinidazolyl)p^ 4- 
{2-[(2-{[5-(aminotbioxome&yl)-2^yridyl]anm 

4-[2^{3-[(5-mtro-2^yridyl^^ 4-(2-{[3-(4- 
phenylimidazolyl)propyl]amino}pyriim 4- {2-[(3-naphlbyloxypiopyl) - 

aminojpyriimdii^ 4-{2- {[3^5 > 6-<iimethyIbCT2iinidazolyl) - 

IS propjd]amino} pyriinidm-4-)d)beizamide, [4^4-inudazolyIphe^ {2-[(5- 
mtnK2^yridyl))an^ 4-{2-[(2-{[5-(trifluon>m^ 
e^yl)ainmo]pyrimidin^yl}benzainide > 4-(4-cyanophmyl)-2-<{2-[(5-iiitro{2-pyridyl)) - 
amino] ethyl } amino^yrimidine-S-caiboxamide, 4-{4-cyanopheaoyl)-2-{{2-[(5-nitro(2- . 
pyridyl))amino]dhyl) aiiuno)pyrimidme-5-carboxylic acid, 2^{2-[(6-amino-5-nitro(2- 

20 pyridyl))animo]ethyl}amiM acid, ethyl 2- 

({2-[(5-nitio(2-pyridyty^ ethyl 
2 -i {2-[(5-<^o(2-pyridyl))amm^^ 
caiboxylate, 4-[2-({3-[3-(tri&iorome%l^^ 
yljbenzamide, [4-(4-cyanophenyl)-2-({2-[(5-mtro(2-pyri^ 

25 pyrimidi^S-ylj-N-methylcarboxam methyl 4^4-cyanophenyl)-2-({2-[(5-iri 
pyridyl))ammo]ethyi}ammo)pyriim 

pyrmiidm-2-yl]{2-[(5-m ethyl 4<4-methylphenyl)-2- 

({2-[(5Hoitro(2-pyridyl))anuno]emyl} amm^ {2-[(6-amino-5- 
nitro(2^yridyl))amino]ethyl} {5-iutro-6^enzylamino](2-pyridyl)} amine, 2-{{2-[(5-nitro- 

30 (2-pyridyl))ainmo]ethyl} acid, ethyl 4-(4- 

fhioiophenyi)-2-{{2-[^ 4- 
[5-hmdazolyi-2<{2-[(5-in^ e&yl}amino)pyriinidm^ 
caibomtrile, 4-[5-miidazol-2-yi-2-({2-{(5-nitro(2-pyri^ 
4-ylJbenzenecaibomtrile, ethyl 2-{{2-[(4-amino-S-cyaiK)pyrimi 

35 yl)amiiK>]ethyi}amaiM^ [4-(2 > 4-dimethyl- 

phenyi)-5-inuda2X>Iylpyr^ edbyijamine, 2-({2-{(6- 

ammo-5-mtro{2-pyridyl))aniiix) 

caibonitrile, ethyl 4-(4-cyanophenyl)-2^{2-{(^^ ethyl}ammo)- 
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pyrimidine-5-caiboxylate, [4-(4-(yanophenyl)-2-( {2-[(5-mtro(2-pyridyl))an^ 
amino)pyiimidin-5^ ethyl 4-{4-cyanophmyl)-2-{{2-[(5- 

nitro(2-pyridyl))amino]etJiyl } amino)pyiinaidine-5-caiboxylat^ [4^2,4^chlOTophenyl)-5- 
ethylpyrimidin-2-yI] {2-[(5-nitro(2-pyridyl))amino]e&yl}aii]ine ? ethyl 4-{4-ethylphenyl)-2- 
5 ( {2^(5^tro(2-pyridyl))amino]ethyl} amino) pyrimidine-5-carboxylate, ethyl 4-(4- 

methoxyphenyl>2-{ {2-[(5-nitro(2-pyridyl))amino] ethyl} amino)pyrimidine-5-caiboxyla^ 
4-[5-(mediylsulfbnyl)-2-< {2-[(5-mtro(2-pyrid>d))amino]ethyl} amino)pyriinidin-4- 
yljbenzaiecarbonitrile, 4^-{[3^5,6Hfidilorob€aizimidazolyl)propy 
yl)benzamide, 4-[2^{2-[(6-anuiK>-5-nito^ 
10 pyrimidin^yl]benz^ecarbonitrile, 4-[2-{ {2-t(6-amina-5-nitro(2-pyridyl))ainino]- 

ethyl} amino)-5-iinidazol-2-ylpyrimidirH4-yl] benzenecaibonitrile, N-(cyanomethyl)[4~(4- 
cyanophe»yl)-2-({2-[(5-nitro(2-pyridyl)) amino]ethyl} amino)pyrinudin-5-yl]c^rboxamide, 

4- [5-(3-me%l(l A4k>x^^ 

ethyl} amino)pyrimidiii-4-yl ethyl 4-(4-cUorophenyl)-2-({2-[(5- 

15 mtro(2-pyridyi))amiiK>] ethyl 4-(3,4-difluoro- 

phenyl)-2-({2-[(5-iuto^ N-(2- 
aminoethyl)[4-{4-cyan^^ 

5- yl]carboxamide, ethyl 4-{4-cyanophenyl)-2~( {2-[(4-methyl-5-nitro(2- 
pyridyl))ainiBo]ethyl}amino)pyriiiudm ethyl 2-({2-[(6-amino-5-nitn>(2- 

20 pyridyl))ammo]efy^ [4-{4- 
cyanophmyl>2<{2-[(5-nitio(2-pyTidyl))amm pyrimidin-5-yl]-N-(2- 
hydroxyethyl)carboxamide, 2-hydroxyethyl 4^4-<^opheojd>2-({2-[(^iiitn)(2-pyridyl)> 
aminojethyl} amino)pyriim ethyl 2-{ {2-f (4-amino-5-nitn)pyrimidin-2- 

yl)amino]ethyi}amino)^4^<yan^^ ethyl 4-[4~ 

25 (methylethyl)phenyl]-2-( {2-[(5-mtro(2-pyridyl))amino] ethyl}amino)pyrimidme-5- 

carboxylate, ethyl 4^4^dimethylamiiio)phenyl]-2-( {2-[(5-nitro(2-pyridyl))amino]ethyl } - 
amino)pyrmiidine>-5-carboxy]ate, ethyl 4^2H-benzo[3,4-d]l^-dio^ 
nitro(2-pyridyl))amino]efo^ 

pyridyl))ainino]e%l} amino pyrimidine-5-cafboxylate, ethyl 4-(4- 

30 methylthiophenyl>2^{2-[(5-nitro(2-pyridyl)) amino] ethyl}amino)pyrimidine-5- 
carboxylate, ethyl 4-(4-cyanophen^ 

aminolpyrinridine-5-carboxylate, ethyl 4-{2-naphthyl)-2-< {2-[(5-nitro(2^yridyl))amino]- 
ethyl } amino)pyrimidine-5-<^rboxyIat^ N-4>utyl[4-<4-cyanophenyl)-2-< {2- [(5-nitro(2- 
pyricfyl))amino Jethyl } amino)pyrimid^5-yl]carboxaimde, N-<tert-butyI)[4-(4-cyano- 
35 i^eayl)-2-({2-{(5-mtn)(2-pyriayl))aimn ethyl}amiiK))pyrimidin-5->i]carhoxann ethyl 
4-(4-<aibamoyIpheD^ 

pyrimidin^S-caiboxylate, tert-butyl 4~(4-<yaii0phenyl)-2^ 

e%l}amiiK))pyrixnidine-5^iboxyl^ N^caihamoylm^yl)[4-(4-cyanopheoyl>-2-( {2- 
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[(5-nitro(2-pyridyl))amino]eihyl} amino)pyriinidii>5-yl]caiboxaim ethyl 4-{4-cyano- 
phenyl)-6-ethyL2-( {2-[(5-iritn>(2-pyridyl))aiiiiiio]ethyl } amino^yrimidine-S-carboxylate, 
butyl 4-(4-cyanophenyl>2-( {2-[(5-mtro(2~pyridyl))amino]ethyl } amino)pyrimidine-5- 
caiboxylate, ethyl 4- {[(4-cyanopheDyl)methyl]amino} -2-( {2-[(5-nitn>(2-pyridyl))amino]- . 
5 ethyl } amino)pyrimidine-5-caiboxylate, ethyl 4-{[(3-cyanophemyl)methyl]amino}-2-({2- 
t(5-nitm(2-pyridyl))ammo]e*hyl}amino^ ethyl 4-[4-(tert-bntyl)- 

pheayl>2^{2-[(5-nitro(2-pyridyl))amino]ethyl}a^ 4-[2-({2- 
[(5-nitro(2-pyridyI))amin^ 

carbonitrile, [4^2,4^chlorophenyl)-5-i^ - 
10 aminojethyl} amine, [4-(2,4-didiloropheayl)-5-iim^ 
pyridyl))amino]ethyl} amine, 

amino]eihyl } amino)pyrimidine-5-caiboxylic add, 4-[2-{ {2-[(5-nitm(2-pyridyl))amino]- 
ethyl}amino)-5-(piperad^ ethyl 4-(4- 

imidazolylphenyl)-2-( {2-[(5^tit>(2-pyridyl))amino]ethyl} amino)pyriinidine-5- 

15 carboxylate, 4-[5-(moipholiit4-ylcaAon 

amino)pyrimidiiiHl^^^ ethyl 4-{4-(2-furyl) phenyl)-2-({2-[(5-nitro(2- 

pyridyl))amino]ethyl} amino)pyrimidine-5-caiboxylate, ethyl 2-({2-[(5-nitro(2- 
pyridyi))amino]ethyl}amino)~4^ ethyl 
2-({2-[(5-nitro(2^yri^ 

20 5-carboxylate, N-[2-(dimefi^amiro^ 

aminojethyl } aminoJpyrimidin-S-ylJcarboxamide, 2-(dimethylamino) ethyl 4-(4-cyano- 
phenyl)-2-( {2-[(5-nitro(2-pyridyl))amino]ethyl} amino) pyrimidine-S^caiboxylate, ethyl 2- 
({2-[(5-nitro(2-pyridyI)^^ 

caiboxylate, ethyl 4^2,4-<fccMorophenyl>2-({2-[(^ 
25 pyrimidine-5-carboxylate, ethyl 4<4-(lH-l,23,4-tetraa^ 

pyridyl))amino]ethyl} amino)pyrimidine-5-carboxylate, ethyl 4-(4-cari>amoylpheayl)-6- 
ethyl-2^{2-[(5-mtro(2-pyridyl))amino] ethyl} amino)pyrimidme-5-carboxylate, 4-(4- 
cyanophenyl)-2-({2-[(5-mt^ 

carboxylic acid, {2-[(6-amino-5-nitro(2-pyrid>d))amino]ethyl} [4-^4-<fichlorophenyI)-5- 

30 imidazolylpyrimidin-2-yl3amine, {2-[(6-ainiix>-5HU^ 

dicfcloiophenyl)-5-inuda^ ethyl 4-(4-biomopheayl>2-({2-[(5- 

nitro(2-pyridyl))ammo] ethyl} amino)pyrimidine-5-caiboxylate, ethyl 4-[4-(methyl- 
sulfonyl)phenyl]-2-{ {2-[(5-nitn>(2-pyridyl))amino]ethyl} amino)pyrimidine-5-caiboxylate, 
ethyl 2-( {2-[(6^amino~5-nitro(2-pyridyl))annno]e^hyl } amino)-4-{4-( 1 ,3-oxazol-S- 

35 y^phenyl^yrimidine^S-caiboxylate, N-{2-(dim^ylamino)ethyl] [4-(4-cyanophenyl)-2~ 
({2-[(5-nitro(2-pyiidyl)) amino] ethyl}ainiiio)pyrimi^^ N- 
(l-caibamoyl-2-hydroxye&yl)^ 

amino]e%l}amino) pyrimidin-5-yl]carboxainide, 3-(dim^iylaxnino)propyi 4-(4- 
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cyanophayl>2<{2^(5-nitro(2-pyiidyl))an^ 

ethyl 2-({2-[(6-ammo-5-mt^ amino>4-(2 > 4-dichIorophenyI)- 
pyrimidine-5-carboxylate, 2^dimethylammo)ethyl 2^ {2-[(6-amino~5-nitro(2-pyridyl))- 
amino]ethyl} amino)-4-(4-cyanophenyI) pyrimidine-5-carboxylate, [2-{dim ethyl- 
5 amino)ethoxy]-N^4-(4^yaiK)ph^ 

pyrimidin-5-yl] carboxamide, ethyl 2-({2-[(5-nitro(2-pyridyl))amiiio] ethyl} amino)-4-[4- 
(trifluoixmaethoxy)phenyI^^ ethyl 4^4~moipholin-4-ylphenyI)-2- 

( {2-[(5naitro(2-pyridyl))amino] elhyl} amino)pyriniidine-5-caihoxylatc > [4-(4-cyano- 
phe»yl)-2-({2-[(5~nitro(2^^ 

1 0 caiboxamide, ethyl 4-(6-moipholiih4-yl(3-p^ 

ethyl) amino) pyrimidine-5-carboxylate> [4<4-cyanophenyI)-2-({24^^ 

amino]ethyl} amino)pyrimidii>5-yl]-N-(^^ phenylmethyl 4-(4- 

cyanophenyl>2-{{2-[(5-m^^ 4- 

(4«cyanophenyl)^4-fhiaiop^ 

1 5 amino)pyrimidine-5-caiboxylic acid, N-[(3-me&oxyphenyl)methyl] {4-[2-({2-[(5-nitro(2- 
pyridyl))aniino]ethyl}amm^ 4-[5-{3-[2- 
(dimethylamino)ethyl](l,2,^ - 
ethyl} amiiK))pyrimidin-4-yl] benzenecarbonitrile, N-[(3 -bromophenyl)methyl] [4-(2- { [2- 
(pyrimidin-2-ylamino)e*hyy^ 4-(dimethyl- 

20 amino)butyi 4^4-cyanophenyl)-2^{2-[(5-iri^ pyrimidine- 
5-carboxyiate> 4,64ris(4-cyam>phenyI)-2-{{^^^ ethyl}- 
. amino)pyrimidine-5-carboxylic acid, ethyl 2^{2-[(6~amino-5-mtro(2-pyridyl)) amino]- 
ethyl} amino)-4^4Hnorpholin^ylphemyl)pyrimidin^ 4-(3-hydroxyphenyl)- 
2-({2HX5-mtro(2-pyridyl))ai^^ 

25 add, 2-morpholin-4-ylethyl 4^4-cyanophenyI)-2-{{2-[(5-iii^ 

amino)pyrimidin&-5-carboxylate > 4^4^anopheayl)-2-({2-[(5-mtro(2-pyrid>d))^ 
amino]ethyi}amiiK>)^4-iritr^ acid, 4-(4-cyanophenyl)-2- 

({2-[(5-mtro(2-pyridyl))amino]eAyl } amino)-6^3-nitrophenyl)^^ 
add, N-[(3-bi0m(^henyl)m^ 

30 ainino)pyiimidin-4-yl}phenyl } caiboxamide* ethyl 4^4-caibaiMylphenyl>2^{2^(5-iutn>- 
(2-pyridyl))amino] ethyl} )-6-{4-pyridyl) pyrimidine^S-carboxylate, 2-(dimethylaminD)ethyl 
2-{{2-t(6-amino-5Haitn>(2-pyridyl)) aminojethyl} amino)-4-(2 > 4-dicliloro~ 
phenyl)pyrimidine^5-carboxylate, 2-[>is(2-hydTOxyethyl)amino]ethyl 4-{4-cyan6phenyl>2- 
({2-[(5Hmtro(2-pyr^ {4-[2-({2-[(4- 

35 anrino-5-<yanopyrinudmr2^ 

phenyl)methyl]caiboxamide, 4^4-caiboxypheayl)-2^{2-[(5-m^ 

ethyl} amino)-6^4^tiopheayl)^^ add, 2-hydroxy-3-morpholin-4-yl- 

propyl 4-(4-cyanopheoyi)-^^ - 
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caiboxylate, ethyl 4-(4-cyanophenyl)-2-( {2-[ (5ncdtro(2-pyridyl))amiiio]^iyl } amino)-6-(4- 
nitroph^yl)pyrimidino-5-<^rboxylate, (2- {542-({2-[(6-amino-5-nitro(2-pyridyl))amino]- 
ethyl} amino>4^{2 > 4-<iichlorophenyl) pyrimidin-5-yT|(l ,2,4-oxadiazol-3-yl)} ethyl)- 
dimethylamme, ethyl 4^4-caibamoylpbenyi)-2^{2-[(5-rito^ 
5 amino)-6^4rnitn>phenyl^ [4^4-imidazo]ylphenyl)pyrimidiii-2- 
yl]{2^(5-nitro(2.pyridyl))amino] ethyl} amine, 4^5-imiiM 

amino]ethyl} amino)pyrimidiiv4-yl Jboizen 4^2^{2-[(6-amino-5-nitro(2- 
pyridyl))ainiiK>]eihyl}amino^ 1^2,4^ 
dicUon>phenyl)-5-iinidazolyfr^ 4- 

10 [2-({2-[(5-nitro-2-pyridyl) amino]ethyl } amino)-7a-hyditKl ,2,4-triazolo[ 1 ,5-a]pyriniidin-7- 
yl]benzenecarbonitrile, {2-[(6-ammo-5-nitro(^ 
. phenyi)-5-in]idazolylpyrim^ [4^2,4Hfidblorophenyl)-5-iniidazol-2-yl- 
pyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))aii^ 6-[(2-{[4-(2 t 4-didJorophenyl)- 
5-imidazolylpyrimidii>2-yl]am^^ [5-benzotriazolyl- 

15 4<2 > 4^chloiophenyi)^^ [2-<{2- 
[(6-amino-5-nitro(2-pyridyl))amino]^ 

yljmethao-l-ol, [4-(2,4-dichlorophenyl)-2-( {2-[(5-nitro(2-pyridyl))amino]e^hyl} amino) - 
pyrimidin-5-ylJmethan- 1 -ol, 2-[2^{2^(6-amino-5^tiiK2^ 
(2,4<ticMoropheMyl)pyrinu [5-amino-4-(2,4- 
20 dicMorophmyl)pyrmiidin-2-yl] {2-[(6-amino-5-Diti^2-pyridyl))amino]ethyl} amine, {2- 
[(6-amino-5-mtro(2-pyri^ 
pyrimidin-2-yl]amine, {2^(6-amino-5-iritr^ 

phenyl)-5-[5^trffluo^ \-\2-i{2-{{6' 
amino-S-nitro(2-pyridyl))amino]ethyl}amin^ - 

25 pym>lidine-2,5-dione, [4^2 > 4^ddoiophenyl)-5-pyrazolylpyrinudin-2-yl] {2-[(5-nitro(2- . 
pyridyl))amino]ethyl} amine, [4^4^chlorophenyl)-5^4^ediylnnida2Dlyl) pyrimidin-2- 
yl] {2-[(5noitro(2-pyridyl))amino]dhyl} amine, [4-(2,4-dichlorophenyl>5-(2,4- 
dimethylimidazolyl)pyr^ 6-[(2-{[4- 
(2 > 4KhcMoTophenyl)-5-imi pyridine-3- 

30 caxbonitrile, {2-[(6-amiip-5HMt^ 

(morpholin^ylmethyl)pyriinidm-2-yl]am^ {2-[(6-amino-5^tro(2-pyridyl))amino]- 
ethyl}[4^2,4^chlorophenyl)"5-piperazinylpyrnnid {2^(6-amino-5-nitro(2- 
pyriciyl))amino]ethyl} [4^4-ethylphenyl)-5-imidazolyipyrimidm l-[4-(2,4- 
dichloiophfinyl>2^{2^(5-nitro pyrinridin-5-yl]- 

35 hydropyridin-2-one, [5-benzimidazDlyI^2 ) 4^chloro^ {2-{(5-nitro- 
(2-pyridyl))amino]etiiyl} amine, {2-[(6-amiiK)-5-nitn)(2^ 
didJoit^henyl)-5-imidazolylpyrimidm {2-[(6-amino-5-mtro(2- 
pyridyl))aimno]eth^ {2-[(6- 
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ainin0-5-mtn){2-pyridyl))am^ 

pyrinudin-2-yljainine, [4^4^Hchl<m>phenyi)-5^ pyrimidin-2-yl]{2- 
[(5-nitn>(2-pyridyl))amiiK)]efcyl} amine, {2^(6-amino-5-nitro(2-py^ [4- 
(2,4Khchlcm)phenyl)-5^2-methyliinidazo^^^ {2-[(6-amino-5- 
5 nitro(2-pyridyl))amino]e&^ 

yljamine, {2-[(6-amino-5-nitio(2-pyridyl))amino]efliyl} [4<2,4Hfccblon>phenyl>^^ 
dimeihylimidaz©lyl)pyiim [4^2 > 4^ichloiDphaiyl>-5*-imida2ol-2- 
yipyrimidiiH2-yi](2-{[^ amino}ethyl) amine, [4^2,4- 

dicMcm>plimyi)-5-pip^ amino ] ethyl } amine, 

10 [4-(2,4-di<^orophmyl)-5-^ 

nitro(2^yridyl))ammo]eAyi}amine > 1 -[2-{ {2^(6-amino-5"nitro(2-pyridyI))ainino]ethyl } - 
amino)-4^4-dicblon>phen^^ [4-(2 > 4- 
diddbiopheayl)-^ {24(5^tro(2^yridyl))amino]- 
ethyl} amine, 1 -[2-( {24(6-amino-5-nitro(2-pyridyl))amino]ethyl} amino>4-{2,4-dicliloTO- 

15 phenyl)pyrimidm-5-yl]-3-^^ * 
2^{2-[(£drtn>(2-pyri<^)^^ 
dione, l-[2K{2-[(6-*mim^^ 

di(Morophenyl)pyriimdin-5-yl]-^ {5-imidazol-2- 

yl-4-[4-{trifhKm>m^hyl)phenyl] pyrimidin-i-yl} {2-[(5-nitro(2- 
20 pyridyl))amiiK>]ediyi}am^ 

dichlorophenyl)-5-( 1 -methylimidazol-2-yl)p>Timidin-2-yl]amine, [4-{2,4-dichlompheaayl)- ' 

5^4-me&y]piperazmyl)pyrim [4-{2,4- 

didilorophaiyl)-5~(morpholin-4-ylmethyl) pyrinridin-2-yl] {2-[(5-mtro(2- 

pyridyl))amino]ethyl}amine > [4K2,4HKchtaro^ 
25 2-yl]{2H[(5-nitnK2^yrid)d))an^ {2-[(6-amiiK>-5H^^ 

ethyl} [4^4^chlorophenyl)-5-(4-m {2-[(6- 

amino-5-mtro(2-pyridyl))amino]ediyl} [4^2-<Morophenyl)-5-imidaz6l-2-ylpyrimidirH2- 

yQamine, [4<2^oro^fluoit)phenyl)-5-imid^ 

pyridyi))aminoJetiiyl} amine, [4^2,4^chlorophenyi)-5-M 
30 nitro(2-pyridyl)) amim]efliyI}(2-pyrroKdinyl^yl)amin^ [4-(2,4-dichlorophenyl>-5- 

imidazolylpyrimidii^^^ 

pyridyi))amino]etoyi}amme, 6-[(2-{[4^2,4^chtorophenyl)-^^ 
yl)pyrimidii>2-yi)amiiK>}e^ {2-[(6«amino-5-nitro(2- 
pyridyl))ainiii0]e&^ 
35 [4^4^yfrhenyl)-5-to^ 

pyridyl))amino]ethyl} amine, [5-((l E> 1 -aza-2-moipholin-4-ylprop" 1 -enyl>4-(2,4- 
dicWcm)phenyl)pyrimidii>-2-yl] {2-[(6-amino-5^tn)(2-pyridyi))amino]^yl} amin^ N-{4- 
(2,4HKchlorophenyi}-2-( {24(5-nitro(2-pyridyl))amino]ediyl } ainiiK>)pyrimidiii-5-yi]- 
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acetamide, [4-(2,4-dicUorophenyl>54midazol-2-ylp^ {2-[(6-methoxy-5- 
nitro(2^)Tidyi))ammo]ethyI}amine > 6-[(2-{[4^2,4^(Moropheayl)-5-imidazolyl- 
pyrimidin-2-yl]methylanrino } ethyl)amino] pyridine-3-caibonitrile, 6-[(2-{[4-{2,4-dichIoro- 
phenyI)-5-iimdazol-2-ylpyrim 
5 [4^4-dichlorophen^ 

amino]ethyl} amine, 6-[(2-{[4-(2-chloro^fhioroph^ 

yl]amino } ethyl)anrino] pyridine-3-caibonitrile, [4^4-cMorophenyi)»5-imidazol-2- 
ylpyrinridin-2-yi] {2^(5-nitro(2-pyri^l))amino]eAyl}ainine > {2-[(6~amino-5-nitro(2- 
pyridy])) amino]ethyl}[4^4-cMoio-2-m 

10 {2-[(6HEBnino-5-iiitro(2^ 

ylpyrimidin-2-yi]amine, 6-[(2-{[4^4-biXTOO-2«<&oiophenylV 
yl]amino} ethyl) amiiM>]pyridine-3-caibonitrile; 6~[2-( {2- [(6-amino-5-nitro(2- 
pyridyl))amino] ethyl}amino)^2,4-dicfaloropheiiyi)py^^ . 
b]pyridine-5,7-dione, N-[2^{2-[(6-anrino-5^ 

15 dichlorophenyl) pyrimidin-5-yl]-2-(methylafl^ {2^(6-ammo-5-nitro{2- 
pyridyl))amino]ethyl} [4^44>romo-2-chlorophenyl>5^4-m 
famine, 6-[(2-{[4<4-bromo-2^oroph^ 

yl]amino } ethyl)aminolpyridine-3-cartH3nitrile > {24(6-amino-5-rdtro(2-pyridyl))amino] - 
ethyl} [4^2^Uoro^fluorc^henyI)-5^4-me4hyliim 6-[(2- 
20 {[4^2 > 4^cWoit>pheaiyl)-5^5^h]oro~2K)xohydropyridyl) pyrimidin-2-yl]amino} e&yl)- 
amino]pyridine-3-carbonitrile, [6^2,4Hiidxlorophenyl)-5-imidazolyl(2-pyridy {2-[(5~ 
nitro(2^yridyl))amino]ethyl}ainine, {2-[(6-amiiK>-5-mtro(2-pyridyl))aimno] ethyl} [6-(2,4- 
di<^6rophenyl>5-imidazolyl(2-py^ 

imidazolyl-2-pyridyl] amino } ethyl)amino]pyridin {2-[(6-amino-5-nitxo(2- . 

25 pyridyl))ainino]ethyl}[6^2,4KhcM^ {2-[(6-ainijio-5- 
nitro(2^yridyl))amino]ethyl}[^ 
pyridyl)]anrine, 6-[(2-{[6-(2,4-diciilon>phenyi)-5^ 

amiiu)}ethyI)ainiBo]pyridine-3-caibom and [4^4-bromo-2^Uort^henyl)-5-iinidazol- 
. 2-ylpyriinidin-2-yl] {2-[(5-nitro{2-pyTid>i))amiDo]ethyl}ainine. 
30 Accordingly, these results demonstrate that Compounds of the present invention 

exhibit inhibitory activity against GSK3. 

Example 266 

Screening for GSK3 Inhibitory Activity Using a Cell-Based Glycogen Synthase Assay 
CHOHIRC cells are maintained in 10 an tissue culture plates in Ham's F12 
35 medium/10% dialysed fetal bovine serum. Cells from a confluent 10 cm plate are 
harvested and divided into the 6 wells of a 6-well tissue culture plate to a final volume of 2 
mlofmedhmL The cells are left to grow at 37°C for 24 hours. The cells are then washed 
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three times in Ham's F12 medium containing no fetal bovine serum, and finally die cells 
are left for a further 24 hours at 37°Cin 2 ml of the serum-ftee medium* 

At the end of this time, 20 nl of compound dissolved in DMSO is added to each 
well and incubated at 37°C. After 20 minutes the medium is removed and the cells are 
5 washed once in PBS at room temperature and then rapidly frozen in the plates in liquid 
nitrogen. Cells are then thawed on ice in the presence of 140 fil of lysis buffer (50 mM 
Tris pH 7.8; 1 mM EDTA, 100 mM NaF, 25 jigfaal leupeptin, 1 mM DTT, 1 mM PMSF) 
per wdL Cells are scraped from the plates and frozen in Eppendorf tubes on dry ice. 
Lysates are then thawed and refrozen on dry ice. 

10 . After reihawing, lysates are spun at 14,000 g for 15 minutes. The supernatants axe 

then removed and stored on ice. Each supernatant (45 pi) is added to 45 jil of reaction 
buffer (65 mM Tris pH 7.8; 26 mM EDTA, 32.5 mM KF, 93 naM UDP-gJucose; 1 1 mg/ml 
glycogen; 500 nCi/ml !4 C-UDP-gtucose) and a further 45 pi is added to 45 pi reaction 
buffer/20 mM glucose-6-phosphate. Reactions are incubated at 30°C for 30 minutes and 

15 then spotted onto a 2 cm square 31ET chromatograph paper (Whatman). Filter papers are 
washed twice for 20 minutes in 66% ethanol, rinsed briefly in acetone and dried for 1 hour 
at room temperature. 

Filters are added to 5 ml of liquid scmtQlant and counted in a liquid scintillation 
' counter. Hie percentage of the total glycogen synthase that is active in any lysate is 
20 expressed as 100X (cpm minus ghicose-6-phosphate)/(cpm plus ghicose-6-phosphate). 
Such values are determined in duplicate for 5 different concentrations of compound and for 
DMSO alone, and the values are then plotted against the logarithm of the concentration. 
The concentration of compound which stimulates glycogen synthase activity to 50% of the 
maximal level is determined by fitting a sigmoidal curve to the plotted data. Hie maximal 
25 level is defined as Oat level to which glycogen synthase activity tends asymtoticaDy as the 
concentration of test compound increases substantially beyond die EC50- 

Example267 

Screening for Inhibition of Tan Proton Phosphorylation 

A. Transient Transfbction of COS Cells with GSK3 Expression Plasmid and Tau 
30 Expression 

Plasmid Construction 

COS cells are maintained in T25 tissue culture flasks in high glucose MEM 
medium / 5% fetal bovine serum. Cells from a confluent T25 flask are harvested and 
80,000 cells/well are seeded into Coming 6-weU tissue culture plates in a final volume of 2 
35 ml/well of medium. The cells are left to grow at 37 °C for 48 hours. The cells are then 
washed twice in Opti-MEM containing no fetal bovine serum, and finally the cells are left 
in 1 ml of Opti-MEM. 
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Polyrtudeotide encoding tau protein is subcloned into plasmid pSGS under an early 
SV40 promoter to generate a tau expression plasmid. The cloning of cDNA encoding tau 
protein is generally described in Goedert et aL, EMBO Journal, 8(2):393-399 (1989), 
which is incorporated herein by reference. A GSK3 expression plasmid is prepared by 
S subdoning polynucleotide. encoding GSK3p into pCG, which is m ApEVRF derivative 
described in Giese et aL, Genes & Development, 9:995-1008 (1995) and Matthias et aL, 
Nucleic Acid Research, 17:6418 (1989), both of which are incorporated herein by 
reference. 

The following solutions are prepared in 1.5 ml Eppendorf tubes: Solution A; for 
10 each transfection, 2 pg of DNA (tau expression plasmid) and 0.7 pg of DNA (GSK3 
expression plasmid) are diluted into 100 pi of OpfrMEM (Gibco BRL); Solution B: for 
each transfection, 8 pi of Lipofectamine reagent is diluted into 100 pi of Opti-MEM The 
two solutions are combined, mixed gently, and incubated at room temperature for 45 
minutes to allow DNA-liposome complexes to form. For each transfection, 0.8 ml of Opti- 
15 MEM is added to the tube containing the Complexes. The diluted solution is mixed gently 
and overlaid onto the rinsed cells. The cells are incubated with the completed DNA / 
Lipofectamine for 6 hours at 37*C in a CQ2 incubator. Following incubation, 1 ml of 
growth medium (high glucose MEM) with 20% FBS is added to each well and incubated at 
37°C overnight The medium is replaced with fresh, complete medium at 18 hours 
20 following the start of transfection, and the cells are left to grow at 37 °C for another 48 
hours. 

B. Tau Phosphorylation Inhibition assay - 

Two hours before harvesting, 2 pi of test compound (GSK3 inhibitor) dissolved in 
DMSO is added to each well and incubated at 37°C After 2 hours the medium is removed 

25 and the cells are rapidly frozen on file plates on dry ice and stored at -70°C Cells are 
thawed on ice in the presence of 200 pi of lysing buffer (1% Triton 9 X-100, 20 mM Tris 
pH 7.5, 137 mM NaCl, 15% glycerol, 25 pg/ml leupeptin, 1 pg ml pepstatin-A, 1 pM 
PMSF, 21 pg/ml aprotinin, 50 mM NaF, 50 mM ^-glycerophosphate, 15 mM sodium 
pyrophosphate, 1 mM sodium orthovanadate). The contents of each well are centrifuged at 

30 14,000 g, 4°C for 5 minutes and the supernatants transferred to dean tubes. At this point 
the lysates may be stored at -20°C. 

C ELISA to detect phosphorylated tau in cell lysates 

hnmulon 4 strips (Dynatech) are coated with monoclonal anti-phosphorylated tau 
(AT8, Polymedco, Inc.) at 5 pg/ml in PBS containing Ca++ and Mg++, 1 00 pl/weiL After 
35 overnight incubation at 4°C the Strips are washed twice with washing buffer (PBS 
containing 0.05% Tween® 20) and blocked with PBS containing 1% BSA, 5% normal 
mouse serum and 0.05% Tween® 20 at room temperature for 1 hour. The strips are washed 
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5 times wife washing buffer. Lysate (100 jil) diluted 1:10 in PBS containing 1% BSA, 
0.1% NaN 3 is added into each well and incubated at room temperature for 1 hour. After 
washing, 100 pi of 0.5 fig/ml biotinyiated monoclonal anti-(non-phosphcrrylated) tau (HT7, 
Polymedco, Inc.) in PBS-BSA is added into each wdL Strips are washed 5 times and 
5 HRP-conjugated strep tavidin is added, incubated at room temperature for 30 minutes and 
washed extensively with washing buffer. TMB substrate (Pierce) is used for color 
< . development and the reaction is stopped by adding an equal volume of 0.8 M sulfuric add. 
Strips are read on an ELBA plate reader using a 450 nm filter. The concentration of 
compound that inhibits tau phosphorylation to 50% of the m**ima\ level (i.e., ICso) k 
10 determined by fitting a sigmoidal curve to the plotted data. 

Example 268 
Testing the potential of GSK3 inhibitors to protect 
primary htppocampal cells from ghitamate excitotoxicity 
Hippocampi were dissected from embryonic day 18-19 rats. The tissue was 

15 collected in Hibernate TM media (Gibco BILL) and minced into approximately 1mm 
pieces. Tissue was dissociated using the Papain Dissociation System (Worthington 
Biochemical Corporation). Following isolation the cells wore resuspended in serum-free 
media composed of Neurobasal TM (Gibco BRL), 2% B27 supplement (GibcoBRL), L- 
ghitamine and antibiotics. Cells woe plated in 35mm tissue culture dishes coated with 

20 poly-L-lysine at a concentration of 7.5x104 cells per dish. Following 10-14 days at 37°C 
in 5% C02 cells were rinsed and fed with fresh media. The next day representative 
compounds of the invention were added to the culture media to a final concentration of 
between lnM and IOOjiM. Four to eight hours following compound addition the 
conditioned media was removed from cells and stored at 37°C. Cultures were rinsed twice 

25 with HEPES-buffered balanced salt solution (HBSS) containing lOuM glycine. Grabband 
Choi, /. Neuroscience 19:1657-62 (1999). Cultures were then exposed for 5min at room 
temperature to 200pM glutamic add in the same HBSS. Following exposure, cultures 
were rinsed three times with the buffer and then returned to their original conditioned 
media containing the compounds. Twenty to twenty-four hours following glutamic acid 

30 exposure, cultures were rinsed in HBSS and exposed for 10 min to Trypan Blue. This dye 
is taken up by dead cells. Hie cultures were rinsed and then fixed for 30 min in 4% 
paraformaldehyde . The number of live and dead (blue nuclei) large neurons are counted 
(at least 200 cells from each culture) by phase contrast microscopy and photographed. 
Using this method, compounds of this invention have been shown to be capable of 

35 significantly reducing the potential of ghitamate to induce neuronal cell death. 
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Example 269 
Evaluation of Efficacy in Diabetic Rodents 
(The glucose tolerance test) 

Compound formulation for oral dosing: 
5 Test compounds wore typically formulated for oral gavage as solutions in water or 

suspensions in 1% caiboxymefoylcellulose/O. 1% tween-80 (both from Sigma Chem., MO) 
foe day prior to administration. Some early compounds were formulated as solutions in 
15% Captisol (a modified cyclodexytrin by CyDex Co., IL) following procedures common 
to those below. For water solutions, dry and lyophilized test compound powder is 

10 solubilized in distilled water and mixed well by vortexing and sonicating. If necessary, test 
solution is pH adjusted with 1 N NaOH or 1 N HC1 and is finally sterile filtered through a 
syringe appended with a 02 micron cellulose acetate membrane (Millipore Co., MA). For 
oral suspensions, foe test compound powder is mixed with a fresh suspension of 1% 
caiboxymethy Icellulose/0. 1 % tween-80 and extensively sonicated, pH adjusted if 

15 necessary as described above, and vortexed until particle size is homogeneous and <10 
micron in size. 

Diabetic mouse glucose tolerance test: 

Obese dh/db (female C57BKs/J) mice were obtained from Jackson Labs (Bar 
Harbor, ME) at 8 weeks of age and used for efficacy testing 1-2 weeks later. On foe 

20 morning of a test, food was removed early in foe morning (7-8hrs prior to foe glucose 
bolus). Local anesthetic (EMLA crime, Astra Pharm., MA) was applied to foe end of foe 
tail and 50-100ul blood samples were obtained from snips of foe tail tip and collected into 
eppendorf tubes containing 5ul 5 OOU/ml sodium heparin (Elkins-Sinn, N J) with subsequent 
isolation of plasma Samples were obtained at Various intervals throughout foe day for a 

25 total of 6-8 time points. Mice were randomized into treatment groups and administered the 
first oral dose of test compound (02 ml volume) 4.5 hr prior to foe glucose and again 0.5 
hr prior to administration of 02 ml 50% dextrose (Abbott Lab., IL) via oral gavage (oGTT) 
or intraperitoneal injection. After the final blood sample about 2 hr following the glucose 
administration, food was returned to foe animals. 

30 Regulation of basal gjycemia and inmlfnamV 

Test compounds were typically orally administered to db/db mice (see above) or 
ZDF rats (Genetic Models* Inc.; Indianapolis, IN ) in foe context of a multi-day, multi-dose 
regimen or as a single bohis. The ZDF rats were received at 8 weeks of age and used for 
efficacy testing 1-2 weeks later. Food was removed about 30min prior to dosing and a 

35 single bolus of test compound (dosing volume ranging from 1-8 mg/ml) was 
administered. Blood was sampled as described above at 1-6 time points over foe next 2-3 
hr. Food was returned to the animal cages following foe blood sampling. 
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Primary endpoints: 

Glucose and insulin levels are measured, from plasma and/or blood samples. 
Glucose levels are measured from whole blood by die One-Touch ghicometer (Iifescan 
Co., CA) and from plasma by Beckman ghicose analyzer. Glucose results typically reflect 
5 blood values for mouse and plasma values for rat studies. Measurement of insulin levels 
has been via ELISA (Crystal Chem. Co., IL) following the supplier's protocol. 

Results Quantitation: 

Efficacy may be expressed as mg/dL glucose or ng/ml insulin or represented as area 
under the curve (AUG) for plasma glucose (taken above the normoglycemic baseline of 

10 100 mg/dL) and insulin (taken above the nonnoinsulinemic baseline of 1 ng/mL). 
Typically, when expressed as AUC, die results are actually represented as reduced AUC 
([(vehicle control AUC - test group AUQ/vehicle control AUCX100]). Such expression 
provides a single quantitative expression of the magnitude of improved ghicose disposal 
and/or reduced basal hyperglycemia or insulin Conservation relative to the placebo control 

15 group. 

Results: 

Representative compounds of the invention exhibited good in vitro potency, and 
when formulated in captisol and administered s.c. to mice (30 mg/kg), exhibited high 
bioavailability and tissue penetrance in vivo. A significant reduction in basal 

20 hypoglycemia just prior to the glucose tolerance test, and significantly improved glucose 
disposal following glucose challenge were observed. A 45-50% reduction in the AUC 
relative to die control group was observed if die glucose response is quantitated by 
determining the area under the blood glucose curve (AUC) from -60 min to +120 ™in 
This is comparable to the efficacy obtained with Troglitazone (when dosed orally for at 

25 least several days at either 60 or 100 mg/kg/day). Also of significance was the observation 
that insulin levels in treated animals remained lower than in control mice. 

While preferred embodiments of die invention has been illustrated and described, it 
will be appreciated that various changes can be made therein without departing from die 
spirit and scope of the invention. 

30 

JL • 
JL 



35 JL 
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That which is claimed is: 

1. A compound having the structure: 




5 wherein: 

W is optionally substituted carbon or nitrogen; 

X and Y are independently selected from the group, consisting of nitrogen, oxygen, 
and optionally substituted carbon; 

A is optionally substituted aryl or heteroaryl; 

10 Ri, Ku R'a, R'3, R4 and R* 4 are independently selected from the group 

consisting of hydrogen, hydroxy!, and optionally substituted loweralkyl, cycloloweralkyl, 
cyclicaminoalkyl, alkylaminoalkyL, loweralkoxy, amino, alkylamino, alkylcarbonyL, 
arylcarbonyl, aralkylcarbonyl, hetero arylcarbonyl, heteroaralkylcaibonyi, aryl and 
heteroaryl, and R'i, R 9 2, R'a and R4 are independently selected from die group consisting of 

15 hydrogen, and optionally substituted lowexalkyi; 

R5 and R7 are independently selected from the group consisting of hydrogen, halo, 
and optionally substituted loweralkyl, cydoalkyl, alkoxy, amino, aminoalkoxy, 
alkylamino, aralkylamino, heteroaralkylamino, arylamino, heteroarylamino cydoimido, 
heterocydoimido, amidino, cydoamidino, heterocydoamidino, guanidinyi, aryl, biaryl, 

20 heteroaryl, heterobiaryl, heterocydoalkyl, and arylsulfonamido; 

R* is sdected from the group consisting of hydrogen, hydroxy, halo, carboxyi, 
nitro, amino, amido, amidino, imido, cyano, and substituted' or unsubstituted loweralkyl, 
loweralkoxy, alkylcarbonyl, aryicarbonyi, aralkylcarbonyl, heteroarylcarbonyl, 
heteraralkylcaxbonyi, alkylcarbonyloxy, arylcarbonyloxy, aralkylcaibonyloxy, 

25 alkylaminocarbonyloxy, arylanrinocarbonyloxy, fbrmyi, loweralkylcarbonyl, 
loweralkoxycarbonyl, aminocarbonyl, aminoaryi, alkylsulfonyl, sulfimamido, 
aminoalkoxy, alkylamino, heteroarylamino, alkyicarbonylamino, 

alkylaminocarbonylamino, arylaminocarbonyiamino, aralkylcarbonyiamino, 

heteroaralkylrarbonylamino, arylcarbonylamino, heteroarylcaibonylamino cydoamido, 
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cyclothioamido, cycloamidino, heterocydoamidino, cydoxmido, heierocycloimido, 
guanidinyl, aryl, heteroaryl, heterocydo, heterocydoalkyi, arylsulfbnyl and 
arylsulfonamido; 

and the pharmaceutical^ acceptable salts thereof 

5 2. A compound of claim 1 wherein at least one of X and Y is nitrogen. 

3. A compound of claim 2 wherein one of X and Y is nitrogen and the 
other of X and Y is optionally substituted carbon. 

4. A compound of claim 2 wherein one of X and Y is nitrogen and the 
other QfX and Y is oxygen. . 

10 5. A compound of claim 2, wherein both X and Y are nitrogen. 

6. A compound of claim 1, wherein A is an aromatic ring having from 
3 to 10 carbon ring atoms and optionally 1 or more ring heteroatoms. 

7. A compound of daim 6, wherein A is optionally substituted 
carbocydic aryL 

IS 8. A compound of claim 6, wherein A is optionally substituted 

heteroaryl. 

9. A compound of claim 6, wherein A is selected from the group 
consisting of substituted or unsubstituted pyridyl, pyrimidinyl, tiriazolyi, indolyl, 
imidazolyl, oxadiazolyl, tetrazolyl, pyrazinyi, triazolyl, thiophenyl, furanyl, qirinolinyL, 

20 purinyL, naphthyi, benzotiriazolyl, benzopyridyL, and benzimidazolyL 

10. A compound of daim 6, wherein A is substituted with at least one 
and not more than 3 substitution groups. 

11. A compound of claim 10, wherein said substitution groups are 
independently selected from die group consisting of nitro, amino, cyano, halo, thioamido, 

25 amidino, oxamidino, alkoxyamidino, imidino, guanidino, sulfonamido, carboxyl, fonnyl, 
loweralkyL, haloloweralkyl, loweralkoxy, haloloweralkoxy, loweralkoxyalkyL, 
loweralkylaminoloweralkoxy, loweralkylcaibonyl, loweraralkylcaibonyi, 

lowohetaroaralkylcarbonyl, aUcyhhio, aminoalkyl and cyanoalkyl 

12. A compound of daim 6 wherein A has the formula: 
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wherein R$ and R9 are independently selected from the "group consisting of 
hydrogen, hydroxy, nitro, amino, cyano, halo, thioamido, amidino, oxamidino, 
alkoxyamidino, iroidino, guanidinyl, sulfonamido, caiboxyl, fbnnyl, loweralkyl, 
5 aminoloweralkyl, loweralkylaminoloweralkyl, haloloweralkyl, Ioweralkoxy, 
haloloweraflcoxy, loweralkoxyalkyyoweraDcylammoloweralkoxy, loweralkylcarbonyl, 
loweraralkylcaxbonyl, lowerheieroaralkylcarbonyl, alkyhhio, aryl and, aralkyL 

13. A compound of claim 9, wherein A is selected from the group 
consisting of aminopyridyL, nitropyridyL aminonitropyridyl, cyanopyridyl, cyanothiazolyi, 

10 aminocyanopyridyl^ trifluoromeihylpyridyl, methoxypyridyl, methoxynitropyridyl, 
methoxycyanopyridyl and nitro thiazolyL 

14. • A compound of claim 1, wherein at least one of Ri, R'i, R^ R\ R3, 
R3*, R4, and R% is substituted loweralkyl selected from the group consisting of hydrogen, 
unsubstituted or substituted loweralkyl, haloloweraliyl, heterocycloaminoaQcyl, and 

1 S loweralkylaminoloweraUcyl. 

15. A compound of claiml 4, wherein at least one of Ri, R*i , R& R'2, R3, 
Ry\ R4, and R* 4 is lowa^lkylaminolowcaBlkyL 

16. . A compound of claim 14, wherein Ri, R*i, R$, R'* R* R3*and R4 are 
hydrogen and R\ is selected from the group consisting of hydrogen, methyl, ethyl, 

20 aminoethyl, dimethylaminoethyl, pyridylethyl, piperidinyl, pyrrolidinyiethyl, 
piperazinylethyl and moipbolinylethyi: 

17. A compound of claim 1, wherein at least one of R5 and R 7 is 
selected from the group consisting of substituted and unsubstituted aryl, heteroaryl and 
biaryL 
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18. A compound of claim 17 wherein at least one of R5 and R7 is a 

substituted or unsubstituted moiety of the formula: 
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wherein Rio, Ru, R12, R13, and Ru are independently selected from the group 
consisting of hydrogen, nitro, amino, cyano, halo, thioamido, caiboxyl, hydroxy, and 
optionally substituted loweralkyl, loweralkoxy, loweralkoxyalkyl, haloloweralkyL, 
5 haloloweralkoxy, aminoalkyl, alkylamino, aminoalkylalkynyl, alkyl aminoalkylalkynyl, 
alkylfhio, alkylcarbonylamino, aralkylcaibonylamino, heteroaraDcylcaibonylamino, 
arylcarbonylamino, heteroaiylcarbonylamino aminocarbonyl, loweralkylaminocaibonyl, 
aminoaralkyi, , loweralkylaminoalkyl, aryl, heteroaryl, cydoheteroalkyi, . aralkyl, 
alkylcaibonyloxy, arylcarbonyloxy, aralkylcarbonyloxy, arylcarbonyloxyalkyl, 
10 alkylcarbonyloxyalkyl, heteroarylcarbonyloxyalkyl, aralkycarbonyloxyalkyl, and 
. heteroaralkcarbonyloxyalkyi. 

19. A compound of claim 18 wherein R 10 , R u , R^, and R M are 

hydrogen and R12 is selected from the group consisting of halo, loweralkyl, hydroxy, 
loweralkoxy, haloloweralkyl, aminocaibonyl, alkylaminocaibonyl and cyano. 

15 20. A compound of claim 1 8 wherein Ru, R13, and R M are hydrogen and 

Rio and Rn are independently selected from the group consisting of halo, loweralkyl, 
hydroxy, loweralkoxy, haloloweralkyl and cyano. 

21. A compound of claim 18 wherein Rio, Ru, Ru, and Rw are 

hydrogen and R12 is heteroaryl. 

20 22. A compound of claim 18 wherein Rio, Ru, Ru, and Rm are 

hydrogen and Ra is a heterocydoalkyh 

23. A compound of claim 18 wherein at least one of Rio, Rn, Ru, Rn, 
and R14 are halo and the remainder of Rio, Rn, Rp> R13, and R14 are hydrogen. 

24. A compound of claim 18 wherein at least one of R$ and R 7 is 
25 selected from die group consisting of dichlorophenyi, difluorophenyl, 

txifluoromethylphenyl, chlorofhiorophenyl, bromochlorophenyl, etbylphenyl, 
me&ylchlorophenyl, imidazolylphenyi, cyanophenyL, morphlinophenyl and 
cyanochlorophenyi. 
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25. A compound of claim 1, wherein R* is substituted alkyl selected 

from the group consisting of aralkyi, hydroxyalkyl, aminoalkyl, aminoaralkyl, 
cafbonylamiBoalkyl, alkylcaibonylaminoalkyl, axylcarbonylaminoalkyl, araDcylcarbonyl- 
aminoalkyL, aminoalkoxyalkyl and aryiaminoalkyL 

5 26. A compound of claim 1, wherein R* is substituted amino selected 

from the group consisting of alkylamino, alkylrarbonylamino, alkoxycarbonylamino, 
arylalkylamino, arylcarbonylamino, alkyfthiocarbonylamino, arylsulfbnylamino, 
heteroarylamino aDcylcaibonylamino, arylcarbonylamino, heteroaiylcaibonylammo, 
aralkylcarbonyl amino, and heteroaraDcylcarbonylamino. 

10 27. A compound of claim 1, wherein R* is selected from the group 

consisting of unsubsthuted or substituted aminocaibonyl, alkyioxycaibonyl, 
aryloxycaibonyl, aralkyloxycarbonyl and alkylamimalkyloxycaAonyl. 

28. A compound of claim 1, wherein is selected from the group 
consisting of amidino, guanidino, cycloimido, heterocycloimido, cycloamido, 

15 heterocycloamido, cyclothioamido and heterocycloloweralkyl. . 

29. A compound of claim 1, wherein R* is aryl. 

30. A compound of claim 1, wherein R* is heteroaryl. 

31. A compound of claim 30, wherein R* is selected from the group 
consisting of substituted or unsubstituted pyridyl, pyrimidinyl, piperazinyi, thiazolyl, 

20 indolyl, imidazolyl, oxadiazolyl, tetrazolyl, pymrinyl, triazolyl, thienyl, fiiranyU 
quinolinyl, pyrrolylpyridyl, benzothiazolyl, benzopyridyi, benzotriazolyl, and 
benzimidazolyL 

32. A compound of claim 31, wherein R* is a monoketopiperazinyl 
group haying the structure: 
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wherein R J5 and Ri 6 are independently selected from die group consisting of 
hydrogen, loweralkyl, loweralkynyl, aryl, heteroaryl, arylloweralkyl, 
loweralkylaryfloweralkyl, haloloweraDcyl, haloarylloweralkyl carbocyclic and 
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heterocyclic; or Rj 6 can be taken with another R 16 or with R !5 to form a carbocyclic, 
heterocyclic or aryl ring; and o is aninteger.between 1 and 6. 

33. A compound of claim 32, wherein Ru is loweralkyL 

34. A compound of claim 33, wherein Ri 5 is selected from the group 
5 consisting of methyl, ethyl, n-propyl, isopropyl, cydopropyl, n-butyi, isobutyl and t-butyl. 

35. A compound of claim 32, wherein Ris is taken with R 16 to form a 
group having the structure: 




36. A compound of claim 32, wherein R ]S is taken with R 16 to form a 

10 group having the structure: 




37. A compound having the structure: 




(IV) 

wherein: 

IS X is selected from the group consisting of nitrogen, oxygen, and optionally 

substituted carbon; 

Ri, R& R 3 and R4 are independently selected from the group consisting of 
hydrogen, . hydroxy 1, and optionally substituted loweralkyl, cycloloweralkyl, 
cydicaminoalkyi, alkylaminoalkyi, loweraDcoxy, amino, alkylamino, alkylcarbonyl, 
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arylcaibonyl, aralkylcarbonyl, heteroaiylcaibonyl, heteroaralkylcaibonyl, aryl and 
heteroaryl; 

Rs is selected from the group consisting of hydrogen, halo, and optionally 
substituted loweralkyl, cycloalkyl, alkoxy, amino, aminoalkoxy, alkylamino, aralkylamino, 
5 heteroaralkyl amino, arylamino, heteroarylamino cycloimido, heterocycloimido, amidino, 
cydoamidino, heterocycloamidino, guanidinyl, aryl, biaryL, heteroajyl, hetearobiaryl, 
heterocycloalkyl, and arylsulfonamido; 

R$ is selected from the group consisting of hydrogen, hydroxy, halo, carboxyl, 
nitro, amino, amido, amidino, imido, cyano, and substituted or unsubstituted loweralkyl, 

10 loweraBcoxy, alkylcarbonyl, arylcarbonyt aralkylcarbonyl, heteroaiylcarbonyl, 
heteraralkylcarbonyl, alkylcarbonyloxy, arylcaibonyloxy, aralkylcarbonyloxy, 
alkylaminocaibonyloxy, aiylaminocarbonyloxy, formyl, loweralkylcarbonyl, 
loweralkoxyearbonyl, aminocarbonyl, aminoaryl, alkylsulfbnyl, sulfonamido, 
aminoalkoxy, alkylamino, heteroarylamino, alkylcaibonylamino, 

IS alkylaminocaibonyiamino, aiylaminocarbonylamino, aralkylcaibonylamino, 

heteroaralkylcartmnylamino, arylcaibonylamino, heteroarylcaibonylainino cycloamido, 
cydothioamido, cycloamidino, heterocycloamidino, cycloimido, heterocycloimido, 
guanidinyl, aryl, heteroaryl, heterocyclo, heterocydoalkyl, arylsulfbnyl and 
arylsulfonamido; 

20 R« and R9 are independently selected from the group consisting of hydrogen, 

hydroxy, nitro, amino, cyano, halo, thioamido, amidino, oxamidino, alkoxyaroidino, 
imidino, guanidinyi, sulfonamido, carboxyl, fennyi, loweralkyl, aminoloWeralkyi, 
loweralkylaminoloweralkyl, haloloweralkyl, loweraDcoxy, haloloweralkoxy, 
loweralkoxyalkyl, loweralkylaminoloweralkoxy loweralkylcarbonyl, loweraralkylcarbonyl, 

25 lovraheteroaralkylcarbonyl, aOcyhfaio, aryl and, aralkyl; and 

Rio, Ru> Rut» R13, and R14 are independently selected from die group consisting of 
hydrogen, nitro, amino, cyano, halo, thioamido, carboxyl, hydroxy, and optionally 
substituted loweralkyl, loweraDcoxy, loweralkoxyalkyi, haloloweralkyl, haloloweralkoxy, 
anrinoalkyl, alkylamino, alkylthio, alkylcarbonylamino, aralkyicarbonylaraiiio, 

30 heteroaralkyl caibonylamino, arylcarbonyiamino, heteroarylcarbonyiamino aminocarbonyl, 
loweralkylaminocaibonyl, aminoaralkyl, loweralkylaminoalkyi, aryl, heteroaryl, 
cydoheteroalkyl, aralkyl, and alkylcarbonyloxy, arylcarbonyloxy, aralkylcarbonyloxy, 
arylcaibonyloxyalkyl, alkyloxycarbonyialkyl, heteroarylcarbonyloxyalkyl, 

aralkycaxbonyloxyalkyl, heteroaralkjdcaibonyioxyalkyi; 

35 and the pharmaceutical^ acceptable salts thereof 
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38. A oompoimd of claim 37 wherein X is nitrogen. 

39. A compound of claim 37 wherein X is oxygen. 

40. A compound of claim 37, wherein at least one of R« and R> is 
selected from the group consisting of nitro, amino, cyano, trifluoromethyl and 

5 loweralkoxy. 

41. A compound of claim 37, wherein at least one of Ri, Ra, Rj and R, 
is substituted loweralkyl selected from die group consisting of hydrogen, unsubstituted 
loweralkyl, haloloweralkyl, heterocydoaminoalkyl, aminoloweralkyi and 
lowendkylaminoloweralkyL 

10 42. A compound of claim 37, wherein at least one of Ri, R 2 , R3 and R4 

is loweralkylaminoloweralkyl. 

43. A compound of claim 37, wheanein Rj, R 2 , and R 3 are hydrogen and 
R4 is selected from the group consisting of hydrogen, methyl, ethyl, amino ethyl, 
dnnetbylaminoethyl, pyridylethyl, piperidinyl, pyrrolidinylerhyl, piperazinylethyl and 

IS moiphoHnyledryl. 

44. A compound of claim 37, wherein R5 is selected from die group 
consisting of hydrogen and substituted and unsubstituted aryl, heteroaryl and biaryL 

45. A compound of claim 37 wherein Rio, Rh, Ru, and R M are 
hydrogen and R12 is selected from the group consisting of halo, loweralkyl, hydroxy, 

20 loweralkoxy, haloloweralkyl, aminocarbonyl, alkylaminocarbonyl and cyano. 

46. A compound of claim 37 wherein Ru, R )3 , and R M are hydrogen and 
Rio and R12 are independently selected from die group consisting of halo, loweralkyl, 
hydroxy, loweralkoxy, haloloweralkyl, aminocarbonyl and cyano. 

47. A compound of claim 37 wherein Ri 0 is hydrogen or halo, Ru, Ru, 
25 and Rh are hydrogea and Ru is heteroaryl 

48. A compound of claim 37 wherein Rio is hydrogen or halo, Rn, R 13 , 
and R14 are hydrogen and R )2 is a heterocydoaDcyl. 



49. A compound of claim 37 wherein at least one of Rio, Ru, R12, R13, 

and R14 are halo and die remainder of Rio, Rn, Ru, Ru, and R M are hydrogen. 
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50. . A compound of claim 37 wherein Rio, Ru, R12, Ru» and R J4 , taken 
together with the phenyl ring of structure IV, form a moiety selected from die group 
consisting of dichlorophenyl, difluorophenyl, trifluoromdhylpheaiyi, chlorofhiorophenyl, 
bromochlorophenyL, ethylphenyl, methylchlorophenyl, imidazolylphenyl, cyanophenyL, 

5 morpholinophenyl and cyanochlorophenyL 

51. A compound of claim 37, wherein R* is substituted alkyl selected 
from the group consisting of aralkyi, hydroxyaDcyl, aminoaHcyl, aminoaralkyL, 
carbonylaminoalkyl, alkylcaibonylaminoalkyl, arylcaibonylaminoflfkyl, 
aralkylcaxbonylaminoalkyl, aminoaDcoxyalkjd and arylaminoalkyl. 

10 52. A compound of claim 37, wherein Re is substituted amino selected 

from the group consisting of alkylamino, aDcylcarbonylamino, alkoxycarbonylamino, 
aiylalkylamino, arylcaibonylamino, alkylthiocaibonylamino, arylsulfonylamino, 
hetearoarylamino alkylcaibonylamino, arylcaibonylamino, heteroaiylcaibonylamino, 
aralkylcaibonylamino, and hetaoaralkylcarbonylamino. 

15 53. A compound of claim 37, wherein R* is substituted carbonyl 

selected from the group consisting of unsubstituted .or substitutedaminocarbonyl, 
alkyloxycarbonyl, aryloxycaibonyU aralkyloxycarbonyl and alkylaminoalkyloxycarbonyl. 

54. A compound of claim 37, herein R* is selected from die group 
consisting of amidmo, goamdino, cydoimido, heterocycloimido, cycloamido, 

20 heterocycloamido, cyclothioamido and heterocycloloweralkyL 

55. . A compound ofdaim 37, wherein R« is aryl. 

56. A confound ofdaim 37, wherein R« is heteroaryL 

57. A compound of claim 56, wherein R* is selected from the group 
consisting of substituted or unsubstituted pyridyi, pyrnnidinyl, pyrrolindinyl, tfaiazolyl, 

25 indolyl, imidazolyl, oxadiazolyL, tetrazolyl, pyrazinyl, triazolyl, thienyl, furanyl, 
quinolinyl, pyrrolylpyridyl, benzothiazolyl, benzopyridyl* benzotriazolyl, and 
benzimidazolyl. 

58. A compound of claim 57, wherein R* is a monoketopiperazmyl 
group having the structure: 
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wherein R15 and R ]6 are independently selected from the group consisting of 
hydrogen, loweralkyl, loweralkynyl, aryl, heteroaryl, arylloweralkyl, 
loweralkylaiylloweralkyU haloloweralkyl, haloarylloweralkyl carbocyclic and 
5 heterocyclic; or Rj$ can be taken with another R 16 or with R 15 to form a carbocycKc, 

heterocyclic or aiyl ring; and o is an integer between 1 and 6. 

59. A compound of claim 58, wherein R w is loweralkyl. 

60. • A compound of claim 59, wherein R15 is selected from the group 
consisting of methyl, ethyl, n-propyl, isopropyl, cydopropyl, n-butyi, isobutyl and t-butyL 

10 61. A compound of claim 58, therein R15 is taken with R] 6 to form a 

group having the structure: 




62. . A compound of claim 58, wherein R15 is taken with R 16 to form a . 

group having the structure: 



15 




63. A compound having the structure: 




wherein: 
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X is selected from the group consisting of nitrogen, oxygen, and optionally 
substituted carbon; 

Rj, R 2 , R3 and R4 are independently selected from the group consisting of 
hydrogen, bydroxyl, and optionally substituted loweralkyl, cycloloweraDcyl, 
5 cyclicaminoalkyl, alkylaminoalkyl, loweralkoxy, amino, alkylamino, alkylcarbonyl, 
arylcaibonyl, aralkylcarbonyl, heteroarylcarbonyl, heteroaralkylcarbonyi, aryl and 
heteroaryl; 

R5 is selected from die group consisting of hydrogen, halo, and optionally 
substituted loweialkyl, cycloalkyi, alkoxy, amino, aminoalkoxy, alkylamino, aralkylamino, 

10 heteroaralkylamino, arylamino, beteroarylamino cycloimido, heterocydoimido, amidino, 
cydoamidino, heterocydoanridino, guanidinyl, aryl, biaryl, heteroaryl, heterobiaryl, 
heterocydoalkyl, and arylsulfbnamido; 

R$ is selected from die group consisting of hydrogen, hydroxy, halo, carboxyl, 
nitro, amino, amido, amidino, imido, cyano, and substituted or unsubstituted loweralkyl, 

15 loweralkoxy, alkylcarbonyl, arylcarbonjd, araUcylcarbonyl, heteroarylcarbonyl, 
hetearalkylcarbonyi, alkylcarbonyloxy, aryicarbonyloxy, araflcylcarbonyioxy, 
alkylaminocaibonyloxy, arylaminocarbonyloxy, fonnyl, loweralkylcarbonyl, 
loweraDcoxycarbonyl, aminocarbonyl, aminoaryl, alkylsulfbnyl, sul&namido, 
aminoalkoxy, • alkylamino, heteroarylamino, aDcylcarbonylamino, 

20 alkyiaminocaibonylamino, axylaminocarbonylamino, aralkylcarbonylamino, 

heteroaralkylcarbonylamino, arylcarbonylamino, heteroarylcarbonylamino cydoamido, 
cydothioamido, cydoamidino, heterocydoamidino, cydoinrido, heterocydoimido, 
guanidinyl, aryl, heteroaryl, heterocydo, heterocydoalkyl, arylsulftpyl and 
aiyisulfonamido; 

25 R$ and R9 are independently selected from the group consisting of hydrogen, 

hydroxy, nitro, amino, cyano, halo, tbioamido, amidino, oxamidino, alkoxyamidino, 
imidino, guanidinyl, sulfimamido, carboxyl, fbnnyl, loweralkyl, aminoloweraflcyl, 
loweralkylaminoloweralkyV haloloweralkyl, loweralkoxy, haloloweralkoxy, 
loweralkoxyalkyl, loweraDcylaminoloweralkoxy loweralkylcarbonyl, lowenralkylcarbonyl, 

30 lowerheteoaralkylcaibonyl, aDcylthio, aryl and, aralkyl; and 

Rio, Rn, Ri2, Rd, and R M are independently selected from die group consisting of 
hydrogen, nitro, amino, cyano, halo, tirioamido, carboxyl, hydroxy, and optionally 
substituted loweralkyl, loweralkoxy, loweralkoxyalkyl, haloloweralkyl, haloloweralkoxy, 
aminoalkyl, alkylamino, alkyithio, alkylamino, aralkylamino, heteroaralkylamino, 

35 arylamino, heteroarylamino aminocartxmyl, loweralkylaminocarbonyl, anrinoaraHcyl, 
loweralkylaminoaOcyl, aryl, heteroaryl, cydoheteroalkyl, aralkyl, and alkylcaibonyloxy, 
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arylcarbonyloxy, aralkylcarbonyloxy, arylcaibonyloxyalkyl, alkylcartxrayloxyalkyl, 
heteoaiylcarbonyloxyalkyl, aralkycarbonyloxyalkyt, heteroaralkylcaibonyloxyalkyl; 

R15 is selected fiom the group consisting of hydrogen, nitro, cyano, amino, alkyl, 
halo, haloloweralkyl, alkyloxycarbonyl, aminocarbonyl, alkyisulfonyl and arylsulfbnyl; 
S and the pharmaceutically acceptable salts thereof 

64. A compound of claim 63 wherein X is nitrogen. 

65. A compound of claim 63 wherein X is oxygen. 

66. A compound of claim 63, wherein at least one of R* and R? is 
selected fiom die group consisting of nitro, amino, cyano, trifluoromethyl and 

10 loweralkoxy. 

67. A compound of claim 63, wherein at least one of K u R2, R 3 and R4 
is substituted loweralkyl selected fiom the group consisting of hydrogen, unsubstituted 
loweralkyl, haloloweralkyl, heterocycloarninoalkyi, and loweralkylaminoloweralkyL 

68. A compound of claim 63, wherein at least one of Ri, R2, R3 and R4 
15 is loweralkylaminoloweralkyL 

69. A compound of claim 63, wherein Ri, R2, and R 3 are hydrogen and 
R4 is selected fiom the group consisting of hydrogen, methyl, ethyl, aminoethyl, 
dimethylaminoethyi, pyridylethyi, piperidinyl, pyrrohdinyiethyl, piperaiinyledryl and 
morpholinylethyL 

20 70. A compound of claim 63 wherein Rio, Rh, Rb, and Ru are 

hydrogen and Rn is selected fiom the group consisting of halo, loweralkyl, hydroxy, 
loweralkoxy, haloloweralkyl, aminocarbonyl, alkylaminocarbonyl and cyano. 

71. A compound of claim 63 wherein Ru, R u , and R w are hydrogen and 
Rio and Rn are independently selected fiom the group consisting of halo, loweralkyl, 

25 hydroxy, loweralkoxy, haloloweralkyl, aminocarbonyl and cyano. 

72. A compound of claim 63 wherein Rio is hydrogen or halo, Rn, R u , 
m and Ru are hydrogen and Ru is heteroaryL 

73. A compound of claim 63 wherein Rio is hydrogen or halo, Rn, R J3 , 
and R14 are hydrogen and Ru is a heterocycloalkyL 
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74. A compound of claim 63 wherein at least one of Rio, Rn, R12, Ri3, 
and Ru are halo and the remainder of Rio, Rn» R12, Ri3> and R M axe hydrogen. 

75. A compound of claim 63 wherein Rio, Ru> Ru> R13, and R14, taken 
together with the phenyl ring of structure IV, form a moiety selected from the group 

5 consisting of dichlorophenyl, difhiorophenyl, trifluoiomethylphenyl, chlorofluorophenyl, 
bromochlorophenyl, eihylphenyl, methylchlorophenyl, imidazolylpheoyi, cyanophenyl, 
moipholinophenyl and cyanochloroptienyl. 

76. A compound of claim 63, wherein R* is substituted alkyl selected 
from the group consisting of aralkyi, hydroxyalkyl, aminoalkyi, amino aralkyi, 

1 0 caibonylaminoalkyl, alkylcarbonylaminoalkyl, arylcarbonylaminoalkyl, 

aralkylcarbonylaminoalkyl, aminoalkoxyaDcyl and arylaminoalkyl. 

77. . A compound of claim 63, wherein R* is substituted amino selected 
from the group consisting of alkyl amino, alkylcarbonylamino, alkoxycarbonylamino, 
arylalkylamino, arylcaibonylamino, alkyltMocaibonylamino, arylsulfonylamino, 

15 hetearoarylamino alkylcarbonylamino, arylcarbonylamino, heteroarylcarbonylamino, 
aralkylcaibonyiamino, and heteroaralkylcaibonylamino. 

78. A compound of claim 63, wherein R* is selected from the group 
consisting of unsubstituted or substitutedaminocaibonyl, alkyloxycaibonyl, 
aryloxycarbonyi, aralkyloxycarbonyl and alkyiaminoalkyloxycaibonyl. 

20 79. A compound of claim 63, wherein R* is selected from the group 

consisting of amidino, guamdino, cycloimido, he&erocydoimido, cydoamido, 
hetarocycloamido, cydothioamido and heterocycloloweralkyL 

80. A compound of claim 63, wherein is aryl. 

81. A compound of daim 63, wherein R* is heteroaryl. 

25 82, A compound of daim 81, wherein R* is sdected from the group 

consisting of substituted or unsubstituted pyridyl, pyrimidinyL, pyrrolindinyl, piperazinyl, 
thiazolyl, indolyl, tmidazolyl, oxadiazolyl, tetrazolyl, pyrazinyl, triazolyl, tirienyl, furanyl, 
quinolinyi, pynolylpyridyi, benzothiazolyi, benzopyridyl, benzotriazolyl, and 
beozhnidazolyL 
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83. A compound of claim 82, wherein R$ is a monoketopiperazinyl 

group having die structure: 




wherein Ru and are independently selected from the group consisting of 
5 hydrogen, loweraBcyi, loweraBcynyi, sryU heteroaryl, arylloweraHcyl, 
loweralkylarylloweralkyl, haloloweralkyl, haloarylloweralkyl caibocyclic and 
heterocyclic; or R 8 can be taken with another R 16 or with R ]5 to form a caibocyclic, 

heterocyclic or aiyi ring; and o is an integer between 1 and 6. 

84. A compound of claim 83 9 wherein R\s is loweralkyL 

10 85. A compound of claim 84, wherein R15 is selected from the group 

consisting of methyl, ethyl, n-propyl, isopropyl, cydopropyl, n-butyl, isobutyl and t-butyl. 

86. A compound of claim 83, wherein Rjs is taken with R 26 to form a 

group having the structure: 




15 87. A compound of claim 83, wherein R 15 is taken with Rj$ to form a 

group having the structure: 




88. A composition comprising an amount of a compound of claim 1 

effective to modulate GSK3 activity in a human or animal subject when administered 
20 thereto, together with a pharmaceutically acceptable carrier. 
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89. A composition comprising an amount of a compound of claim 37 

effective to modulate GSK3 activity in a human or animal subject when administered 
thereto, together with a pharmaceutical^ acceptable carrier. 

90: . A composition comprising an amount of a compound of claim 63 

S effective to modulate GSK3 activity in a human or animal subject when administered 
thereto, together with a pharmaceutical^ acceptable earner. 

91. A method of inhibiting GSK3 activity in a human or animal subject, 
comprising administering to the human or animal subject a composition of claim 88. 

92. A method of inhibiting GSK3 activity in a human or animal subject, 
1 0 comprising administering to die human or animal subject a composition of claim 89. 

93. A method of inhibiting GSK3 activity in a human or animal subject, 
comprising administering to the human or animal subject a composition of claim 90. 

94. A method of treating a cell comprising administering to the cell an 
amount of a compound of claim 1 effective to inhibit GSK3 activity in the cell. 

15 95. A method of treating a cell comprising administering to the cell an 

amount of a compound of claim 37 effective to inhibit GSK3 activity in die cell. 

96. A method of treating a cell comprising administering to the cell an 

amount of a compound of claim 63 effective to inhibit GSK3 activity in the cell 

97.. A method for treating a GSK3-mediated disorder in a human or 

20 animal subject, comprising administering to the human or animal subject an amount of a 
composition of claim 88 effective to inhibit GSK3 activity in die subject 

98. A method of claim 97, wheredn the composition is administered by a 
mode of administration selected from die group consisting of oral, subcutaneous, 
transdermal, transmucosal, iontophoretic, intravenous, intrathecal, buccal, sublingual, 

25 intranas al, and rectal adminis tration. 

99. A method of claim 97, wherein said GSK3-mediated disorder is 
selected from the group consisting of diabetes, Alzheimer's disease, obesity, atherosclerotic 
cardiovascular disease, essential hypertension, polycystic ovary syndrome, syndrome X, 
ischemia, traumatic brain injury, bipolar disorder, immunodeficiency and cancer. 
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100. A method of claim 99, which further comprises administering to die 
subject one or more additional active agents. 

101. A method of claim 100, wherein the GSK3 -mediated disorder is 
diabetes and die additional active agent is selected from the group consisting of insulin, 

5 trogHtazone, rosiglitazone, pioglitazone, glipizide and metformin. . 

102. A compound of claim 1, 37 or 58 for use as a pharmaceutical. 

» 

103. Use of a compound of claim 1, 37 or 63 in the manufacture of a 
medicament for the treatment of diabetes, Alzheimer's disease and other 
neurodegenerative disorders, obesity, atherosclerotic cardiovascular disease, essential 

10 hypotension, polycystic ovary syndrome, syndrome X, ischemia, traumatic brain injury, 
bipolar disorder or cancer. 



